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PREFACE 


The  U.S.  Air  Force  has  conducted  weather  reconnaissance  operations  In  many  areas  of  the  world 
for  several  decades.  Despite  the  variety  of  missions  flown  by  weather  reconnaissance  units  and  the 
worldwide  scope  of  weather  reconnaissance  operations  very  little  has  been  published  regarding 
weather  reconnaissance  equipment,  operations,  and  procedures  In  the  general  form  most  suitable  for 
Introducing  these  subjects  to  Individuals  who  have  not  had  previous  exposure  to  then.  The  general 
lack  of  knowledge  among  meteorologists  regarding  Air  Force  weather  reconnaissance  has  been  a  major 
source  of  concern  within  the  operational  weather  reconnaissance  units,  especially  when  members  of 
those  units  must  work  with  "customers"  who  have  only  a  limited  understanding  of  the  capabilities  and 
limitations  of  the  weather  reconnaissance  forces.  Preparation  of  this  report  was  undertaken  as  an 
attempt  to  Introduce  individuals  newly-arrived  in  the  weather  reconnaissance  units  to  some  of  the 
aspects  of  their  new  duties,  to  provide  background  material  for  the  "customers"  of  weather 
reconnaissance  operations,  and,  hopefully,  to  encourage  interest  in  obtaining  more  detailed 
Information  on  Air  Force  weather  reconnaissance  among  potential  "customers"  and  among  Air  Weather 
Service  personnel  who  are  considering  applying  for  weather  reconnaissance  duty. 

Development  of  this  report  began  with  a  series  of  training  publications  developed  at  Keesler  AFB 
under  the  auspices  of  Major  Fred  Foss,  920th  Weather  Reconnaissance  Group  and  Captain  Gibson  Morris, 
Det  5,  HQ  Air  Weather  Service  (AWS).  Preparation  of  the  Initial  and  final  draft  did  not  occur  until 
over  a  year  later  during  January  1978.  The  report  has  also  been  developed  In  partial  satisfaction 
of  the  requirements  of  a  remote  sensing  meteorology  course  at  Texas  A&M  University.  Submission  of 
the  final  draft  to  HQ  AWS  and  the  subsequent  reviews  by  HQ  AWS  personnel  took  place  during  May  and 
June  1978.  Therefore,  the  Information  in  this  report  is  current  as  of  that  date. 

The  contributions  of  Major  John  Pavone,  HQ  AWS,  Major  James  F.  Shunk,  Air  Force  Global  Weather 
Central,  (AFGWC)  and  Majors  Bruce  Ackert  and  Eugene  Heald  are  gratefully  acknowledged.  Dedications 
are  unusual  in  survey  reports  of  this  type;  nevertheless,  this  report  is  respectfully  dedicated  to 
the  crew  of  Swan  38,  54th  Weather  Reconnaissance  Squadron,  Andersen  AFB,  Guam. 


Capt  R.  S.  Henderson 
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Chapter  1 
INTRODUCTION 


Hurricanes  have  played  significant  roles  in  the  history  and  development  of  mankind.  On  one  of 
his  voyages,  Christopher  Columbus  lost  six  ships  from  his  fleet  when  they  were  sunk  by  a  hurricane 
which  struck  their  anchorage  in  Isabella  Harbor.  Columbus  was  on  the  only  ship  which  survived  the 
hurricane — the  Nina.  In  1889,  German  naval  forces  shelled  some  American  property  in  Apia,  Samoa. 
While  warships  of  the  United  States,  Great  Britain,  and  Germany  were  confronting  each  other  and  pre¬ 
paring  for  battle,  Samoa  was  hit  by  a  hurricane.  The  American  and  German  warships  were  sunk  by  the 
hurricane,  the  British  ship  Calliope  managed  to  escape  by  steaming  out  of  the  storm's  way,  and  an 
impending  war  was  averted  by  the  resultant  lack  of  ships  for  doing  battle!  In  1900  more  lives  were 
lost  in  a  single  day  than  have  been  lost  in  some  of  mankind's  many  wars  when  6000  people  were  killed 
by  the  storm  that  devastated  Galveston  Island  in  Texas  (Cole,  1973) . 

In  more  recent  time.  Admiral  William  Halsey  ran  into  a  full-blown  typhoon  in  the  Pacific  Ocean 
about  500  miles  from  the  island  of  Luzon  in  the  Philippines  on  17  December  1944.  Halsey  lost  about 
800  men,  3  destroyers,  and  146  aircraft  in  seas  whipped  by  the  150  MPH  winds  of  the  typhoon  (Cole, 
1973).  Halsey's  forces  tangled  with  yet  another  typhoon  later  on  in  the  war  with  slightly  less 
disastrous  results.  In  1969  Hurricane  Camille  killed  300  people  and  caused  more  than  a  billion 
dollars  in  damage  along  the  Gulf  Coast  of  the  United  States  (Sheets,  n.d.).  The  list  of  devastating 
tropical  cyclones  gets  longer  and  longer  with  each  passing  year  as  their  destructive  effects  impact 
on  the  lives  of  thousands  of  people  in  many  lands.  The  destructive  potential  of  these  storms  is 
awesome  and  the  stories  of  their  devastation  have  become  legion,  but  relatively  little  is  known 
about  the  U.S.  Air  Force's  humanitarian  role  in  helping  to  mitigate  the  destructive  effects  of  these 
storms  through  a  continuing  hurricane  and  typhoon  reconnaissance  effort.  Even  less  is  known  about 
the  equipment  and  methods  used  by  the  men  and  women  who  routinely  fly  into  some  of  the  most  vicious 
killers  in  nature’s  realm. 

On  27  July  1943,  Major  Joe  Duckworth  flew  a  propeller-driven,  single-engine  North  American  AT-6 
Tfexan  fvnor  into  the  eye  of  a  trooical  cyclone,  flajor  Duckworth  flew  into  the  eye  of  the  cyclone 
twice  that  day,  once  with  a  navigator  and  again  with  a  weather  officer,  in  what  are  generally 
considered  to  be  the  first  airborne  attempts  to  obtain  storm  data  for  use  in  plotting  the  position 
of  a  tropical  cyclone  as  it  approached  land  (Doherty,  1977).  Duckworth's  pioneering  efforts  have 
developed  over  the  years  into  the  tropical  cyclone  reconnaissance  mission  of  the  U.S.  Air  Force’s 
weather  reconnaissance  units. 

Today,  three  Air  Force  weather  reconnaissance  squadrons  fly  Lockheed  WC-130  aircraft  on  a  wide 
variety  of  missions  ranging  from  tropical  cyclone  reconnaissance  to  routine  weather  tracks  off  the 
coasts  of  the  United  States.  Each  squadron  is  supported  by  trained  weather  personnel  in  special  Air 
Weather  Service  (AWS)  detachments  who  fly  aboard  the  aircraft  as  crew  members  in  accomplishing 
weather  reconnaissance  operations  in  many  different  parts  of  the  world.  The  knowledge,  skill,  and 
experience  of  these  individuals  are  combined  with  the  professional  skills  and  abilities  of  the  other 
crew  members  to  form  a  highly  competent  team  capable  of  conducting  reconnaissance  operations  on  a 
worldwide  basis. 

One  of  the  primary  reasons  for  preparing  this  report  is  to  provide  basic  information  on  Air 
Force  weather  reconnaissance  equipment,  procedures,  and  typical  operations  for  the  use  of 
individuals  who  are  interested  in  such  information  but  do  not  require  the  sort  of  detailed 
information  provided  in  many  of  the  weather  reconnaissance  regulations  and  technical  publications. 
This  "general  overview"  of  WC-130  weather  reconnaissance  capabilities,  equipment,  and  operations 
should  be  regarded  as  a  simple  introduction  to  the  small  but  very  active  world  of  Air  Force  weather 
reconnaissance . 


Chapter  2 

THE  WC-130  WEATHER  RECONNAISSANCE  SYSTEM 


General  Configuration  of  the  Aircraft 


In  this  decade,  the  workhorse  of  the  Air  Force  weather  reconnaissance  fleet  has  been  and 
continues  to  be  the  Lockheed  WC-130  Hercules.  Adapted  for  the  weather  reconnaissance  role  from 
transport  and  rescue  versions  of  the  C-130,  the  majority  of  the  WC-130  aircraft  in  current  use  are 
of  the  WC-130E  or  WC-130H  versions  (the  last  remaining  WC-130B  is  a  specially-modified  aircraft 
carrying  an  advanced  weather  reconnaissance  system) . 

The  WC-130  is  an  all-metal,  four-engine,  high-wing  monoplane  with  retractable  tricycle  landing 
gear.  The  WC-130's  Allison  T-56  turboprop  engines  drive  four-bladed  Hamilton  Standard 
full-feathering,  reversible-pitch  propellers  at  over  1000  revolutions  per  minute  (RPM) .  The 
fuselage  is  divided  into  the  cargo  compartment  and  the  flight  station  or  flight  deck  by  a  bulkhead 
at  the  forward  end  of  the  cargo  compartment.  Normal  access  to  the  aircraft  is  obtained  through  a 
crew  entrance  door  near  the  nose  of  the  riccraft,  a  paratroop  door  on  either  side  of  the  aircraft 
fuselage  aft  of  the  wing,  or  a  cargo-loading  ramp  and  door  at  the  rear  of  the  cargo  compartment 
beneath  the  tail.  Figure  1  illustrates  the  general  configuation  of  the  WC-130E  and  the  WC-130H  and 
the  difference  in  their  external  appearances.  Figure  2  shows  the  instrument  layout  at  the  Aerial 
Fteccnnaissance  Weather  Officer  (ARWO)  flight  deck  panel. 

WC-130's  carry  a  basic  crew  of  six:  pilot,  co-pilot,  flight  engineer,  navigator,  aerial 
reconnaissance  weather  officer  (ARWO) ,  and  dropsonde  system  operator.  Flight  deck  positions  are 
provided  for  five  crew  members  (pilots,  flight  engineer,  navigator,  and  AFWO) ,  and  a  crew  position 
for  the  dropsonde  systan  operator  is  provided  in  the  cargo  compartment  near  the  right  paratroop 
door.  An  additional  crew  position  is  normally  provided  on  WC-130E  aircraft  for  a  special  equipment 
operator  (SBO)  when  he  is  required  for  atmospheric  sampling  operations.  H-model  WC-130's  were 
adapted  from  rescue-configured  aircraft  and  retain  the  scanner's  positions  (and  windows)  in  the 
cargo  compartment  aft  of  the  bulkhead.  Figure  3  is  an  internal  arrangement  drawing  of  a  WC-130H  and 
illustrates  the  locations  of  the  crew  positions  and  some  of  the  equipment  inside  the  aircraft. 

Meteorological  systems  aboard  WC-130  aircraft  are  normally  considered  to  be  part  of  the 
Hori2ontai  Meteorological  System  or  part  of  the  Vertical  Meteorological  System.  Generally,  the 
Horizontal  Meteorological  System  consists  of  the  instrumentation  and  support  equipment  utilized  by 
the  ARWO  on  the  flight  deck  and  the  Vertical  Meteorological  System  consists  of  the  equipment  and 
instruments  used  by  the  dropsonde  system  operator  in  preparing  soundings  obtained  from  dropsondes 
released  by  the  aircraft.  Additional  equipment  is  installed  as  necessary  for  weather  modif ication 
operations  and  special  missions. 

The  Horizontal  Meteorological  System 

Most  of  the  present  meteorological  system  on  the  WC-130E  was  installed  under  Project  SEEK  CLOUD 
after  Hurricane  Camille  struck  the  Gulf  Coast  in  August  1969.  The  meteorological  system  was 
intended  to  be  an  interim  improvement  in  sensor  capability  but  has  now  been  in  use  for  several 
years.  The  system  later  installed  on  WC-130H  aircraft  is  basically  a  SEEK  CUXJD  system  also.  A 
prototype  of  a  more  advanced  data  acquisition  system  is  the  Airborne  Weather  Reconnaissance  System 
(AHRS)  presently  installed  on  a  WC-130B.  The  expense  of  the  AWRS  and  lack  of  an  inexpensive  follow- 
on  system  make  it  likely  that  the  present,  aging  SEEK  CLOUD  system  will  remain  in  use  for  some  time 
with  only  minor  modifications.  There  are  some  relatively  minor  differences  in  the  Horizontal 
Meteorological  System  as  installed  on  the  WC-130E  and  the  WC-13DH.  Table  1  lists  system  components 
and  differences  between  versions  of  the  aircraft. 

a.  AN/AMQ-28  Total  Temperature  System.  The  Rosemount  AN/AMO-28  Total  Temperature  System 
provides  total  air  temperature  information  consisting  of  the  free-air  temperature  and  a  small  amount 
of  friction-generated  temperature.  System  components  and  their  location  in  the  aircraft  are  listed 
in  Table  1.  Figure  4  is  a  simplified  block  diagram  of  the  AN/AMQ-28  Tbtal  Temperature  System. 
System  controls  consist  of  an  on/off  switch  and  a  deice  switch. 

The  AN/AMQ-28  uses  a  resistance  element  mounted  in  an  external  probe  in  such  a  manner  that 
frictional  effects  are  minimized  and  are  negligible  at  the  wC-130's  low  operating  airspeeds.  The 
total  temperature  resistance  signal  from  the  probe  forms  one  leg  of  a  resistance  bridge  whose  output 
is  used  to  drive  the  indicator  (USAF,  1974).  The  resistance  value  displayed  on  the  motor-driven 
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TABLE  1.  WC-130  HORIZONTAL  METEOROLOGICAL  SYSTEM  (Coat’d). 
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TABLE  1.  THE  WC-130  HORIZONTAL  METEOROLOGICAL  SYSTEM  (Cont'd) 
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Figure  4.  Simplified  AN/AMQ-28  Block  Diagram. 


indicator  is  converted  to  a  temperature  by  using  a  table  of  resistances  versus  true  air  speeds 
(TAS) .  A  limited  deice  capability  is  provided  to  remove  ice  accumulations  from  the  total 
temperature  probe.  The  probe  must  be  fully  aspirated  to  provide  reliable  temperature  indications. 
The  AN/AMQ-23  is  one  of  the  simpler  and  more  reliable  meteorological  systems  aboard  the  aircraft. 

b.  AN/AMQ-34  Dew-Point  Hygrometer .  Flight-level  dew  point  is  obtained  from  the  Cambridge 
Systems  AN/AMQ-34  Aircraft  Hygrometer  System.  The  system  provides  a  direct  readout  of  atmospheric 
dew  point  in  degrees  Celsius  on  an  indicator  at  the  AFWO  position.  System  components  and  their 
location  in  the  aircraft  are  given  in  Table  1.  Figure  5  is  a  simplified  block  diagram  of  the 
AN/AMQ-34  Dew-Point  Hygrometer  System  (EG&G,  n.d.) .  All  operator  controls  for  the  system  are 
mounted  on  the  face  of  the  control  unit. 

Functionally,  the  AN/A'ID- 34  operates  as  two  independent  subsystems.  One  subsystem  controls  a 
mirror  which  has  its  temperature  at  the  dew  point  and  the  other  subsystem  measures  the  mirror 
timperature.  Both  subsystems  work  together  to  measure  and  indicate  the  dew  point  of  the  air  sample 
within  the  probe. 

The  dew-point  control  subsystem  consists  of  a  thermoelectric  dew-point  hygrometer  and  its 
control  circuitry.  In  operation,  an  incoming  air  sample  is  directed  into  the  dew-point  hygrometer 
chamber  which  consists  of  a  thermoelectric  cooling  module  containing  a  mirror  surface  and  an  optical 
sensing  subsystem.  The  cooling  module  utilizes  the  Peltier  Effect  and  is  sometimes  referred  to  as  a 
cooler.  The  optical  sensing  subsystem  consists  of  a  solid-state  light  source,  two  photoresistors,  a 
control  preamplifier,  and  a  power  output  circuit.  Light  emanating  from  the  solid-state  source  is 
reflected  by  the  mirror  to  one  photoresistor  (called  the  direct  photoresistor)  while  light 
controlled  by  the  bias  from  the  light  source  is  detected  by  the  other  photoresistor  (referred  to  as 
the  bias  photoresistor).  The  photoresistors  feed  signals  to  the  control  preamplifier  and  the  power 
output  circuit. 

When  power  is  first  applied  to  the  system,  the  mirror  surface  of  the  cooling  modulo  is  normally 
dry  and  at  the  ambient  temperature  of  its  environment.  The  signals  fed  by  the  photoresistors  to  the 
control  preamplifier  and  power  output  circuit  cause  current  to  flow  to  the  cooling  module  which  in 
turn  reduces  the  mirror  temperature  until  condensation  occurs  on  the  mirror  surface.  Condensation 
on  the  mirror  surface  scatters  the  light  that  had  been  reflected  to  the  direct  photoresistor  while 
the  light  available  to  the  bias  photoresistor  increases  due  to  the  same  scattering.  The  resulting 
imbalance  is  detected  by  the  control  preamplifier  which  then  reduces  the  amount  of  current  to  the 
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Figure  5.  Simplified  AN/AM2-34  Block  Diagram. 


cooling  module  resulting  in  a  subsequent  increase  in  mirror  temperature.  This  operation  is 
continued  until  a  constant  dew  layer  thickness  is  maintained  on  the  mirror  surface  in  equilibrium 
with  the  partial  pressure  of  the  water  vapor  in  the  air  sample.  When  the  system  is  properly 
adjusted  and  aspirated,  the  temperature  of  the  mirror  corresponds  to  the  dew  point  (or  frost  point) 
of  the  air  sample. 

The  mirror  tenperature  measuring  subsystem  consists  of  a  bridge  circuit  and  a  platinum 
resistance  thermometer  embedded  in  the  mirror  surface.  The  resistance  ~f  the  thermometer  forms  part 
of  the  bridge  circuit  so  that  any  variation  in  mirror  temperature  has  o  corresponding  influence  on 
the  voltage  output  of  the  bridge.  The  voltage  output  of  the  bridge  is  proportional  to  the  dew  point 
and  is  transmitted  to  the  readout  unit  where  it  is  displayed  directly  as  dew  point  in  degrees 
Celsius  (EG&G,  n.d.). 

TVio  basic  operator  controls  are  provided:  the  Function  Switch  and  the  Balance  Control.  The 
Function  9witch  is  a  four-position  switch  with  three  positions  marked  OFF,  OPERATE,  and  'HiST  and  .in 
unmarked  position  which  provides  maximum  current  to  the  cooling  module.  In  the  OFF  position  all 
power  is  removed  from  the  system.  In  the  OPERATE  position  the  entire  system  is  powered  and  the 
readout  unit  indicates  mirror  temperature  (dew  point  of  the  air  sample),  in  the  TEST  position  the 
readout  unit  continues  to  indicate  mirror  temperature  but  the  servo  feedback  loop  is  interrupted 
resulting  in  an  increase  in  mirror  temperature  until  the  condensate  is  removed  from  the  mirror 
surface.  When  the  condensate  has  been  removed,  the  Balance  Control  is  adjusted  to  maximize  the 
output  of  the  control  preamplifier. 

The  Balance  Control  is  a  potentiometer  which,  in  effect,  allows  proper  alignment  of  the  optical 
dew-detection  system  when  the  Function  Switch  is  in  the  TEST  position.  In  the  1EST  mode,  if  the 
reading  on  the  Control  Condition  Meter  on  the  face  of  the  control  unit  cannot  be  set  to  a  centerline 
value  (0.5  ma)  by  adjusting  the  Balance  Control,  then  the  indicated  dew  point  in  the  OPERATE  mode  is 
unreliable  (EGSG,  n.d.).  This  inability  to  "balance"  the  hygrometer  normally  results  when  the 
mirror  surface  is  contaminated  or  when  the  optical  components  are  misaligned. 

The  Control  Condition  Meter  indicates  the  "control  condition"  of  the  mirror  surface  and  provides 
a  means  of  checking  system  operation.  Maximum  current  to  the  cooling  module  will  result  in  a 
Control  Condition  Meter  reading  in  the  upper  portion  of  the  scale.  Reduction  in  cooling  current 


results  in  a  lower  reading.  Tne  final  indication  of  the  Control  Condition  Meter  with  the  systrni  in 
tile  OPERATE  mode  will  be  in  the  0.1-  to  0.  3-na  range  for  a  small  amount  ot  cooling  (high  relative 
humidity)  and  in  the  0.5-  to  0.85-bb  range  for  large  amounts  of  cooling  (low  relative  humidity) 

(EG&G,  n.d.).  In  the  OPERATE  mode  the  Control  Condition  Meter  indicates  between  0.1  to  0.85  ma  tot 
a  reliable  dew-point  indication. 

The  AN/AMQ-34  is  a  fairly  sophisticated  system  compared  to  the  other  t  i.-v >r -  e  •:» 

aircraft.  The  system  must  be  balanced  and  aspirated  to  obtain  an  accurate  free-air  oew  point,  'lhe 
sampling  rate  of  the  AN/AMQ-34  is  a  compromise  between  a  high  rate  which  results  in  a  rapid  response 
and  a  low  rate  which  reduces  mirror  thermal  load  and  gives  a  low  rate  of  contaminant  tiuildup  on  the 
mirror  surface  (EG&G,  n.d.).  Because  of  the  compromise  flow  rate,  the  air  sample  in  the  hygrometer 
chamber  is  not  fully  representative  of  the  ambient  conditions  at  the  instantaneous  aircraft  position 
but  represents  conditions  at  some  point  close  behind  the  aircraft  on  the  aircraft  flight  path.  For 
semihomogeneous  atmospheres  this  situation  does  not  present  any  serious  operational  probluns.  Rapid  | 

fluctuations  in  moisture  content  along  the  flight  path,  however,  cause  variations  in  the  dew-point  ! 

indication  as  the  AN/1WQ-34  attempts  to  adjust  to  a  stable  condition.  Saturation  conditions  (rain  j 

showers,  etc.)  may  produce  dew-point  indications  that  are  warmer  than  the  ambient  temperature  while 
in  "dry"  atmospheres  the  system  may  be  unable  to  determine  a  dew  point  (the  Control  Condition  Meter 
indication  will  be  greater  than  0.85  ma).  For  all  its  relative  complexity,  however,  the  AN/AMQ-34 
is  generally  regarded  as  one  of  the  more  reliable  SEEK  CLOUD  systems  when  it  is  properly  maintained. 

c.  1301A  Pressure  Transducer  System.  The  13U1A  Pressure  Transducer  System,  is  currently  the 

primary  meteorological  altimeter  on  Air  Force  WC-130  aircraft.  lhe  system  is  composed  ot  a  | 

Rosemount  1301A  Pressure  Transducer  and  a  Newport  Labs  20UU-J  Digital  Voltmeter  with  associated 

wiring  and  plumbing  to  connect  the  voltmeter  to  the  transducer  and  the  transducer  to  the  pressure 

source,  controls  consist  of  a  switch  to  provide  power  to  the  transducer  (H -model  only,  the 

transducer  is  powered  whenever  the  Main  AC  Bus  is  powered  on  E-model  aircraft)  and  a  switch  which 

provides  60  Hz  electrical  power  to  systems  such  as  the  20UU-3  Digital  Voltmeter  which  requires  bo  Hz 

power  for  normal  operation.  The  "Record  Power"  switch  on  the  WC-130t  supplies  6U  Hz  power  to  the 

2000-3  and  other  equipment  on  that  aircraft. 

The  1301A  Pressure  Transducer  contains  a  capacitive  pressure— sensing  capsule  employing  a  "trc< 
edge"  diaphragm  and  generating  a  variable  capacitance  value  which  is  proportional  to  sensed 

pressure.  The  capacitance  change  with  pressure  is  converted  to  a  high-level  DC  voltage  by  signal 
conditioning  circuitry  within  the  transducer.  The  2UOO-3  voltmeter  displays  thu  vnlta<je  in  > 

direct  readout  of  the  pressure  value  in  millibars  and  tenths. 

The  pressure  source  for  the  1J01A  is  the  co-pilot's  pitot-static  system  with  the  prossur- 
transducer  tapped  into  the  static  port  tubing  on  the  aircraft.  The  flush-mounted  static  ports  on 
the  WC-130  are  located  low  of  the  fuselage  ahead  on  the  propeller  warning  stripe  arm  aie  well  within 
the  boundary  layer  airflow  around  the  fuselage.  The  1301A  requires  periodic  laboratory  calibration 
and  system  drifts  with  time  are  not  uncommon.  Since  the  1J01A  output  is  t'inperatut <■  de(*-ndent  , 
resistive  heaters  are  provided  within  the  transducer  to  maintain  close  control  of  the  tomjt  t at ur<  •>( 
the  capacitive  capsule  and  critical  circuit  components.  Insufficient  warm-up  pr tor  to  ljunet  m 

failure  of  the  resistive  heating  elements  may  produce  erroneous  readings.  K  i  that 

considerable  care  Is  exercised  during  the  pref  1  lght  phase  of  a  mission  to  assure  1 30 1A  wuim-gf  it.  t 
to  evaluate  1301A  readings.  The  aging,  logistically  unsu)>portaf  le  1  iulA  will  l«-  repl.i.  .n  .  Hu 
Garrett  Airesearch  Digital  Pressure  Encoder  by  the  end  ol  CY  '78. 

The  drift  observed  in  the  readings  from  meteorological  altimeters  arm  the  cun|Mt  it.i  1 1 ty  of 
pressure-height  data  derived  from  these  altimeters  anti  the  absolute  altimeter:  is  the  -  object  ,4  a 
later  section  in  Chapter  3.  Many  of  the  inaccuracies  inherent  in  the  syst.ms,  the  . .(»-t at  renal 
environment,  and  the  standard  used  for  height  data  comparisons,  can  fie  reduced  I  >  eiftvtive 

historical  calibration  program  as  discussed  later. 

d.  AN/APN-42A  Radar  Altimeter.  Two  basic  quantities  are  requited  lot  height  ot  st  and.it  o 
pressure  surface  and  D-value  computations  over  the  open  ocean:  The  pressure  heights  of  the  sensor 

platform  (or  ambient  pressure  at  the  sensor  platforn  altitude  which  can  t»  converted  t ..  j  standard  t 

day  pressure  height)  arri  the  absolute  altitude  ot  the  sensor  platform  above  the  ocean  nut  face.  in 

operational  weather  reconnaissance,  pressure  heights  are  determined  using  standard  pressure 
altimeters  set  at  29.92  inches  of  Mercury  or  by  converting  the  reading:.  I  ron  the  UulA  to  a  pressur . 
height  value.  Absolute  altitudes  are  obtained  tram  radar  or  radio  altimeters.  lire  primary 
metoomlixiioal  absolute  altimeter  on  WC-130  aircraft  in  the  AN/APN-42A  Radar  Altimeter.  The 

components  of  the  AN/APN-42A  and  their  location  in  the  aircraft  are  given  in  Table  1. 

The  radar  altimeter  measurer,  the  dist.mcx’  lx -tween  the  .urer.itt  ,m.l  the  terrain  (or  sea  surface) 
below  the  aircraft  by  determining  the  time  delay  between  transmitter!  pulses  of  radar  energy  and 
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their  reflected  components  which  return  to  the  aircraft.  All  controls  necessary  for  the  operation 
of  the  AN/ AHJ-42A  are  located  on  the  height  indicator  at  the  AMO  position.  A  switch  on  the  upper 
right  corner  of  the  indicator  turns  the  system  on  and  off  and  has  a  center  standby  position  in  which 
the  system  components  are  powered  but  the  receiver/ transmit  tor  (K/T)  unit  is  not  transmitting.  A 
calibration  knob  on  the  lower  left  corner  of  the  indicator  is  used  for  zeroing  the  altimeter  system 
in  flight. 

The  height  indicator  has  a  circular  scale  graduated  from  0  to  1000  feet  in  increments  of  10 
feet.  A  counter  in  a  window  located  to  the  left  center  of  the  indicator  needle  displays  the 
thousands  value  of  the  altitude.  Under  some  failure  conditions  and  when  the  system  is  off  or  in 
standby,  a "  fail”  flag  is  displayed  in  the  altitude  window.  A  window  in  the  lower  portion  of  the 
indicator  displays  a  flag  indicating  the  operating  mode  of  the  system:  ON,  OFF,  or  STANDBY. 

The  AN/APN-42A  is  subject  to  some  minor  operating  limitations  which  normally  do  not  interfere 
with  its  use  on  operational  missions.  The  system  requires  a  2-minute  warm-up  period  in  standby 
prior  to  use  and  should  not  be  operated  below  2U0-feet  altitude  to  preclude  damaging  the  system. 
Height  indications  from  the  AN/APN-42A  may  be  unreliable  over  large  depths  of  snow  and  ice  (USAF, 
1974).  It  is  possible  to  misread  the  altimeter  if  the  counter  in  the  thousands  window  has  not 
completely  rotated  with  a  minor  change  in  altitude,  but  this  condition  is  not  normally  a  problem 
since  .-amputation  checks  tend  to  easily  show  the  thousand-foot  error  in  height  of  standard  pressure 
surface  values. 

AN/APN-42A  failures  tend  to  attract  more  attention  than  failures  of  other  components  of  the 
horizontal  Meteorological  System  since  heights  of  standard  pressure  surfaces  are  key  elements  in 
weather  reconnaissance  observation  and  these  height  values  cannot  be  determined  without  an  absolute 
altimeter.  WC-130H  aircraft  currently  lack  a  backup  (or  secondary)  absolute  altimeter  capability 
(for  meteorological  purposes)  above  15UU  feet.  kC-llOE  aircraft,  however,  have  the  SCR-718  or 
AN/APN-133  radio  altimeter  for  backup  absolute  altitude  indication  if  the  AN/Alh-42  fails.  If  the 
SCR-7LB  or  AN/APN-133  fails  or  is  unusable  and  the  AN/APN-42A  has  failed  then  all  capaf ility  for 
determining  the  heights  of  standard  pressure  surfaces  is  lost  on  the  WC-130E. 

e.  AN/APN^ 133 or  SCR- 7 lb  Radio  Altimeter.  W.-13UE  aircraft  have  a  secondary  absolute  altimeter 
installed  at  the  AM40  position  on  the  flight  deck.  The  secondary  absolute  altimeter  is  either  an 
SCK-71B  or  an  AN/APN-133  Radio  Altimeter.  The  SCR-718  and  AN/APN-133  are  basically  similar 
altimeter  systems  and  determine  the  absolute  height  above  terrain  by  the  same  time-delay  method  used 
in  the  AN/APN-42A.  All  controls  necessary  for  the  operation  of  these  altimeters  are  located  on  the 
face  of  the  indicator  unit  at  the  AM40  position.  Table  1  lists  system  components  and  their  location 
in  the  aircraft. 

Height  determination  is  made  using  a  J-scan  display  on  the  face  of  a  cathode  ray  tube  (CRT)  in 
the  indicator  nut.  The  display  is  in  the  form  of  a  base  circle  with  two  lobes  on  the  outside  of 
the  circle.  One  lobe  is  referred  to  as  the  reference  lobe  and  remains  relatively  stationary 
throughout  the  operating  profile.  The  other  lobe  is  referred  to  as  the  reflected  lobe  and  moves 
around  the  base  circle  to  indicate  absolute  altitude  (which  is  read  off  the  "lower"  edge  of  the 
lobe).  Zeroing  the  altimeter  is  performed  prior  to  flight  by  aligning  *-he  “lower"  edge  of  the 
reference  lobe  (the  reflected  and  reference  lobes  merge  on  the  ground)  with  the  zero  mark  on  the 
circular  scale  on  the  face  of  the  CRT.  The  scale  divisions  correspond  to  0  to  3000  feet  at  50-foot 
intervals  in  the  "ti*es  one"  mode  and  from  0  to  50,000  feet  in  the  "times  ten”  mode.  Movement  of 
the  reflected  lobe  around  the  base  circle  is  continuous  so  that  an  indication  of  3000  feet  in  the 
“times  one"  mode  may  actually  represent  some  value  corresponding  to  a  multiple  of  50 00  feet  plus 
3UUU  feet  (such  as  8000,  13000,  18000,  23000,  or  28000  feet).  It  can  be  readily  seen  that  the 
possibility  of  misreading  the  instrument  is  always  present,  especially  when  under  the  pressure  of 
operational  reconnaissance  missions.  Separate  controls  are  provided  for  zeroing  the  display  in  the 
two  modes  and  mode  selection  is  made  using  a  toggle  switch  on  the  indicator  unit. 

The  operating  frequency  of  the  SCR-718  places  geographic  limits  on  its  use  in  order  to  avoid 
interferin')  with  other  radio  facilities.  The  geographic  limits  are  normally  waived  to  a  limited 
extent  for  weather  reconnaissance  operations  but  may  hamper  operations  within  a  cci  ta  n  radius  of 
Eglin  AFB,  Florida;  Thule,  Greenland;  Clear  Mews,  Alaska;  and  within  a  certain  distance  from  the 
land  mass  of  Great  Britain  (LEAF,  1974).  This  geographic  limitation  does  not  apply  to  the 
AN/AFN-133  since  it  operates  at  a  frequency  that  is  different  from  that  of  the  SCR-71b. 

The  SCR-718  and  AN/APN-133  are  normally  very  reliable  instrunents  but  are  not  considered  to  be 
as  accurate  as  the  AN/APN-42A  and  are  more  difficult  to  read.  At  higher  altitudes,  the  reflected 
lobe  may  disappear  even  at  high-gain  settings  due  to  a  "weak"  receiver  section.  "Fuzzy”  or 
indistinct  reference  or  reflected  lobes  may  render  the  altimeter  unusable.  These  failures  are  rare, 
however,  and  have  not  significantly  diminished  the  reliability  of  the  altimeters  over  the  course  of 


many  WC-130E  operations.  All  WC-130E's  and  H's  will  be  configured  with  the  AN/APh-133  by  the  summer 
of  1979. 


f.  ERT-5  Precision  Radiation  Thermometer.  To  provide  the  capability  of  determining  sea-surface 
temperature,  a  Barnes  Engineering  Company  PRT-5  Precision  Radiation  Thermometer  has  been  installed 
on  the  WC-130.  Components  of  the  PRT-5  are  listed  in  Table  1  (Barnes  Engineering  Co.,  1970).  A 
simplified  block  diagram  of  the  PRT-5  is  given  in  Figure  6.  The  PRT-5  determines  the  temperature  of 
an  external  target  by  continuously  comparing  the  amount  of  energy  emitted  by  the  target  in  the  9.5- 
to  11.5-micron  wavelength  band  with  that  emitted  by  an  internal,  temperature-controlled  reference 
environment  within  the  optical  unit.  The  electronics  unit  processes  this  comparison  into  a  voltage 
which  is  directly  related  to  the  energy  difference  between  the  target  and  the  reference  environment. 
This  voltage  is  displayed  in  terms  of  equivalent  black  body  temperature  on  a  meter  in  the  front  of 
the  electronics  unit  (Barnes  Engineering  Co.,  1970).  The  optical  unit  in  the  aircraft  is  pointed 
down  through  a  shuttered  opening  in  the  forward  undersurface  of  the  fuselage.  A  rain  shield  ahead 
of  the  opening  protects  the  optical  unit  from  debris  and  water  thrown  back  by  the  nose  landing  gear. 

Precision  and  stability  are  achieved  in  the  PRT-5  by  using  a  very  sensitive,  hyper -immersed 
thermistor  bolometer  as  the  radiation  detector.  The  bolometer  and  the  optical  elements  are  mounted 
in  the  tightly  controlled  temperature-reference  cavity  within  the  optical  unit. 

Operation  of  the  PRT-5  requires  that  the  reference  cavity  reach  and  maintain  its  normal 
operating  temperature  of  45°C.  The  cavity  temperature  rises  at  a  rate  of  approximately  1U°C  per 
minute  after  the  PRT-5  is  turned  on.  Approximately  3  minutes  are  required  for  warm-up  from  normal 
"room  temperature"  (it  is  worth  noting  that  the  temperature  inside  an  aircraft  parked  on  an  open 
ramp  is  seldom  "roam  temperature")  (Barnes  Engineering  Co.,  1970). 

All  controls  for  operating  the  PRT-5  are  located  on  the  face  of  the  electronics  unit  with  the 
exception  of  a  switch  which  operates  the  solenoid-actuated  shutter  over  the  opening  in  the  fuselage. 
The  shut  ter -actuating  switch  is  mounted  on  the  switch  panel  at  the  ARWO  position.  The  PRT-5  can  be 
operated  over  three  temperature  ranges  but  normally  only  the  medium  range  from  -10°C  to  +40°C  is 
calibrated  for  operational  use.  A  function  switch  is  used  to  select  the  operating  mode  of  the  PRT-5 
(ON,  OFF,  BATTERY  TEST,  or  FAST  CHARGE)  but  amounts  to  little  more  than  an  on-off  switch  on  units 
that  have  been  converted  to  operate  off  aircraft  power  and  that  have  had  their  NiCad  batteries 
replaced  by  capacitors.  A  bandwidth  switch  selects  the  bandwidth  of  recorder  output  signals  if  a 
recording  system  is  used. 

Radiation  emitted  from  the  target  (sea  surface)  arrives  first  at  an  optical  chopper  in  the 
optical  unit  which  alternately  blocks  the  radiation  and  passes  it  to  the  detector  in  the 
temperature-controlled  cavity  so  that  the  detector  effectively  "sees"  itself  and  the  target 
alternately.  The  detector  produces  an  output  signal  proportional  to  the  difference  between  the 
radiation  received  from  the  target  and  its  own  temperature-controlled  enviroranent.  The  output 
signal  from  the  detector  is  applied  to  a  preamplifier  and  than  transmitted  to  the  electronics  unit. 
In  the  electronics  unit,  the  signal  is  processed  through  a  bandpass  filter  into  a  postampl l f ler . 
The  output  of  the  postamplifier  is  coupled  to  a  demodulator  which  produces  a  DC  voltage  related  in 
magnitude  and  polarity  to  the  difference  between  the  target  and  reference  temperatures.  The  IX' 
voltage  is  then  applied  across  the  output  meter  which  is  calibrated  to  indicate  target  temperature 
directly  in  degrees  Celsius  (Barnes  Engineering  Co.,  1970). 

The  PRT-5  is  a  very  reliable  instrument  when  properly  maintained  and  calibrated.  In  operational 
use,  sea-surface  temperatures  from  the  PRT-5  are  inaccurate  when  the  surface  is  obscured  by  tog, 
thick  haze,  or  cloud,  or  if  the  aircraft  is  operating  above  1750  feet  absolute  altitude.  A  less 
common  operational  limitation  occurs  when  the  shutter  will  not  open  due  to  solenoid  failure  or 
inability  of  the  solenoid  to  open  the  shutter  at  airspeeds  greater  than  about  135  knots. 

g.  Secondary  Pressure  Altimeters.  On  all  WC-130E  and  H  airplanes,  secondary  pressure  altitude 
data  are  obtained  from  the  pi  lot  's  AIMS  counterdrum-pointer  aneroid  pressure  altimeter  set  at  29.93 
in.  Hg.  Oi  the  specially  modified  WC-13UB  AWRS  aircraft,  a  standard  MA-1  aneroid  pressure  altimeter 
installed  at  the  auxiliary  AH90  position  and  set  at  29.92  in.  Hg  is  used  as  the  secondary  pressure 
altimeter  for  use  in  pressure  height  computations. 


Aneroid  pressure  altimeters  are  subject  to  a  number  of  errors  including  those  resulting  from 
hysteresis  and  friction,  temperature,  readability,  static  system  leakage,  until  i:m.u  i*  v,  and  the 
installation  of  the  altimeters.  As  with  the  1301A,  much  ol  the  n-ailun  error  in  computations 
using  these  altimeters  can  be  reduced  by  an  effective  historical  correction  program.  Hysteresis  and 
friction  errors  in  the  AIMS  altimeter  are  reduced  by  a  built-in  vibrator  inside  the  instrument  case 
(9W»t,  1975). 


Ficpire  6.  Simplified  PRT-o  Block  Diaqran. 


h.  Hewlett-Packard  HP-97  Programmable  Calculator.  A  welcome  addition  to  the  Horizontal 
Meteorological  System  is  the  Hewlett-Packard  HP-97  calculator  which  became  available  for  use  in 
weather  reconnaissance  units  in  1977.  The  use  of  these  calculators  has  greatly  improved  the  speed 
and  accuracy  with  which  routine  computations  of  meteorological  parameters  can  be  made  using  the  raw 
data  from  the  Horizontal  Meteorological  System  sensors.  The  calculators  are  progranmable  and  can  be 
used  for  the  calculations  involved  in  both  horizontal  and  vertical  observations. 

i.  Ancillary  Equipment  and  Circuit  Protection.  Three  Hewlett-Packard  17500A  Strip  Chart 
Recorders  were  installs!  at  the  AIWO  position  during  the  SEEK  CLOUD  modification  to  record  the 
output  of  the  1301A,  the  AN/APN-42A,  the  dew-point  hygrometer,  the  Total  Temperature  System,  and  the 
PRT-5.  The  strip  chart  recorders  are  not  used  at  present  since  a  valid  requirement  for  the  data  and 
the  necessary  customer  support  have  not  developed. 

Four  hewlett-Packard  6111A  Rower  Supplies  are  provided  on  WC-130E  aircraft.  TVio  6111AS  are 
located  in  the  overhead  equipment  rack  in  the  cargo  compartment  and  two  in  the  pedestal  beside  the 
AHWO  position  on  the  flight  deck.  The  flight  deck  6111As  are  used  to  provide  an  offset  voltage  to 
the  AN/APN-42A  strip  chart  recorder  input  and  to  condition  the  13Q1A  strip  chart  recorder  input. 
The  two  cargo  compartment  felllAs  provide  DC  inputs  to  the  CV-1393/AMQ-19  Synchro  Assembly. 

The  CV-1 393/ AMf-19  Synchro  Assembly  receives  synchro  output  signals  from  the  AN/APN-42A  and 
converts  them  to  an  analog  DC  voltage  related  to  radar  (absolute)  altitude.  Output  from  the  synchro 
assembly  is  offset  as  necessary  by  the  appropriate  flight  deck  6111A  power  supply. 

The  equipment  listed  in  this  section  thus  far  is  related  to  the  recording  of  various  parameters 

on  the  1750 GA  Strip  Chart  Recorders  and  is  of  small  consequence  as  long  as  the  recorders  remain 
unused.  Current  maintenance  support  allocated  to  the  strip  chart  recording  system  due  to  the  lack 
of  an  ouerational  requirement  makes  it  unlikely  that  irany  of  the  recorders  are  capable  of  operation. 
WC-130H  aircraft  do  not  have  any  of  this  recording  equipment  installed  as  part  of  the  Horizontal 
Meteorological  System. 

A  limited  backup  absolute  altitude  capability  is  currently  provided  on  the  WC-130H  by  using  the 
pilot's  radar  altimeter  at  1500  feet  and  below.  The  pilot's  radar  altimeter  on  the  WC-130H  is 
calibrated  in  the  historical  calibration  program  along  with  the  other  altimeters  and  has  been  used 
on  operational  missions  when  the  AN/APN-42A  failed  and  low-level  data  were  required. 

Additional  equipment  located  at  the  flight  deck  A»vO  position  includes  an  interphone  panel  and 
cord,  an  oxygen  regulator  and  hose,  and  a  lighting  system.  A  small  shelf  table  is  provided  for 
preparing  observation  forms  and  to  support  checklists  and  reference  tables. 

Circuit  protection  for  electrical  equipment  is  provided  by  fuses  within  the  equipment  and/or  by 
circuit  breakers  located  on  various  circuit  breaker  panels  in  the  aircraft  (primarily  on  the  flight 
deck).  Loss  of  engine-driven  generators  or  other  electrical  problems  may  require  turning  off  some 
or  all  of  the  meteorological  equipment  in  order  to  reduce  electrical  loads. 

The  Vertical  Meteorological  System 

The  Vertical  Meteorological  System  is  designed  to  collect  pressure,  temperature,  and  relative 
riumidity  (dew-point  depression  when  cooed  in  an  observation)  in  a  sounding  between  the  aircraft  and 
the  surface.  The  Vertical  Meteorological  System  consists  of  the  AN/AMQ-29  Dropsonde  Lata  Recording 
System,  Ah/ AMT-1 3  Radio  Dropsonde,  MX-9133/AMQ-31  Radiosonde  Dispenser  (and  control  panel),  HP-9100B 
Calculator  (replaced  by  the  HP-97  on  920  WRG  aircraft),  and  the  Umtron  Frequency  Converter.  For 
convenience,  all  equipment  except  the  AN/AMT-1 J  has  been  grouped  under  the  AN/AMO-29  system  in  most 
discussions  and  in  Table  2  of  this  repoit.  The  AN/AMT-13  Radio  Dropsonde  is  released  from  the 
aircraft  and  transmits  sounding  data  hack  to  the  aircraft  as  it  falls  through  the  atmosphere. 
Dropsondes  are  normally  released  over  open  ocean  areas  due  to  their  mass  and  fall  rate. 

The  Vertical  Meteorological  System  instal led  on  the  WC-130  was  pieced  together  from  usable 
components  of  the  AN/AMO-19  meteorological  system  from  the  WB-47  and  the  AN/AMO-25A  meteorological 
system  from  the  WC-135B  along  with  new  Hewlett-Packard  systems.  The  K-1196  sonde  receiver  from  the 
AN/AMU-19  was  the  departure  joint  from  which  the  current  system  was  pieced  together.  The  o'- 8 80 4 
Powei  Vertical  Subsystem  Control  Panel  came  from  the  AN/AMU-2'V\.  Hie  result  of  the  piecing  together 
of  new  and  old  components  is  the  AN  AMU-29  Dropsonde  Lata  Recording  System  and  the  other  components 
of  the  Vertical  Meteorological  System,.  Comp  merits  of  the  Virtual  Meteorological  System,  and  their 
functions  are  listed  in  Table  z. 

The  Unitron  Frequency  Converter  is  not  exclusively  port  of  the  Vertical  Meteorological  System. 
Normal  aircraft  power  on  the  MC-13U  is  1 1  sV,  400-Hz  AC,  and  28V  DC.  The  Unitron  taker,  normal 
aircraft  400-Hz  power  and  converts  it  to  the  H‘iV,  hu-liz  (lower  which  is  required  tor  the  normal 
operation  of  *xnr  of  the  meteorological  :.yst*m.  on  the  aircraft. 


TABLE  2.  THE  WC-130  VERTICAL  METEOROLOGICAL  SYSTEM. 


SUBSYSTEM 


SUBSYSTEM 

COMPONENTS 


FUNCTION 


POWER 

REQUIREMENT 


AN/AKT-13  N/A 

Radio  Drop- 
sonde 


A  cylindrical  radiosonde  which,  when 
dispensed  from  the  aircraft,  trans¬ 
mits  temperature,  relative  humidity, 
pressure,  and  ref.  signals. 


18VDC  from  se 
conta ined 
batteries 


AN/AMQ-29 
Dropsonde 
Data  Record¬ 
ing  System 


MX-9133/AMQ-31 

Radiosonde 

Dispenser 

Used  to  arm  the  dropsonde  and  eject 
it  from  the  aircraft.  The  dropsonde 
is  locked  in  place  in  the  chamber 
assembly,  armed  by  a  plunger  (or 
manually),  and  ejected  by  spring 
force  released  electrically  or  by 
the  gate  valve  lever  on  the  base  of 
the  dispenser. 

28VDC 

Unitron  Frequen¬ 
cy  Converter 

Provides  115V,  60  Hz  power  to  equip¬ 
ment  requiring  60  Hz  power  for  nor¬ 
mal  operation. 

115V,  400  11  z 

AT-896  Antenna 

A  quarter-wave  stub  antenna  designed 
for  operation  at  a  nominal  frequency 
of  403  MHz.  Acts  as  a  receiving  sur¬ 
face  for  the  dropsonde  signal. 

N/A 

R 1 196/ AMQ-1 9 

Radiosonde 

Receiver 

Receives  Che  signals  transmitted  hy 
the  dropsonde.  Supplies  the  signals 
to  the  recording  components  and  pro¬ 
vides  an  audio  signal  for  intercom 
monitoring  at  the  dropsonde  system 
operator's  console. 

115V,  400  Hz 

C-8804/AMQ-25A 
Power  Vertical 

Controls  on  this  panel  permit  ener¬ 
gizing  the  equipment,  selecting  the 

1 1 5V,  400  Hz 

Subsystem  Con¬ 
trol  Panel 

operating  mode,  and  tuning  the 
receiver  when  the  manual  mode  is 
selected . 

28  VDC 

Hewlet t-Pac kard 
5332A  Preset 
Control ler/ Count¬ 
er 

Receives  and  counts  electrical  events 
and  provides  output  signals  to  the 
electronic  counter  when  preset  val¬ 
ues  are  reached. 

1 1 5V,  400  Hz 

Hewlett-Packard 
5216A  Electronic 

Makes  the  time  period  average  meas¬ 
urements  and  transmits  them  to  the 

115V,  40(1  Hz 

Counter 

digital  recorder  (printer) . 

Hewlet  t-Pac ka rd 
562ARCIO  Digital 
Recorder 
(Printer) 

Provides  a  printed  record  of  digital 
input  information  received  from  the 
electronic  counter.  The  recorder  also 
converts  the  digital  input  to  an  ana¬ 
log  voltage  and  outputs  this  voltage 
to  the  strip  chart  recorder. 

115V,  hi)  Hz 

Hewlett -Parka rd 
7128a  Strip 

Chart  Recorder 

Provides  a  strip  chart  record  of  four 
parameters:  pressure,  temperature, 
relative  humidity,  and  low  reference. 

1  1  5Y  ,  ho  H/ 

Ih 


TABLE  2.  THE  WC-130  VERTICAL  METEOROLOGICAL  SYSTEM  (Cont'd). 


POWER 

REQUIREMENTS 


Hewlett-Packard  Provides  a  calibration  signal  to  the  115V,  400  Hz 
3310A  Function  7128a  strip  chart  recorder. 

Generator 


A  programmable  desk-top  calculator  115V,  bO  Hz 

with  a  simple  memory  enabling 
storage  of  instructions  and  data  for 
repetitive  operations.  Programs  used 
to  reduce  data  from  the  AN/AMT-13 
are  recorded  on  magnetic  cards  and 
read  into  the  calculator  using  a 
built-in  magnetic  card  reader.  Use 
of  the  calculator  eliminates  many  of 
the  steps  required  in  manual  data 
reduction  and  speeds  sounding  prep¬ 
aration  considerably. 


Manual  Pressur-  Provides  a  means  of  controlling  the  N/A 
izat ion/Depres-  pressurization  of  the  dispenser, 
sur izat ion 
Control  Panel 

Dropsonde  Storage  Provides  storage  for  15  dropsondes.  N/A 

Bin 


NOTE:  The  IIP-9100B  has  been  replaced  by  the  HP-97  on  920  WRG  aircraft  and  is  expected  to 
replace  the  9100B  on  aircraft  in  the  active  duty  squadrons  as  well. 


Hewlett-Packard 
9100B  Program¬ 
mable  Calculator 
(See  Note) 


SUBSYSTEM 


SUBSYSTEM 

COMPONENTS 


FUNCTION 


The  7128A  Strip  Chart  Recorder  can  be  used  to  provide  a  record  of  pressure,  temperature, 
relative  humidity,  and  low  reference  signals  received  from  the  dropsonde.  The  recorder  is  not  used 
at  present  but  is  retained  with  the  system. 

Most  of  the  equipment  in  the  Vertical  Meteorological  System  is  located  at  or  near  the  dropsonde 
system  operator's  position  in  the  cargo  compartment  near  the  right  paratroop  door.  The  Unitron 
Frequency  Converter  is  located  in  the  overhead  equipment  rack  forward  of  the  wing  carry-through 
structure  in  the  WC-130E  and  on  a  shelf  behind  the  right  scanner’s  seat  on  the  WC-130H.  The  antenna 
for  the  receiver  is  located  on  the  undersurface  of  the  aircraft  near  the  dispenser  chute. 
Additional  equipment  at  the  dropsonde  system  operator's  console  includes  an  oxygen  regulator  and 
hose,  an  interphone  panel  and  cord,  and  a  work  table  next  to  the  console.  Figure  7  is  a  photograph 
of  the  equipment  installation  at  the  dropsonde  system  operator's  console  in  a  WC-130H. 

The  Atmospheric  Sampling  System  (Atmospheric  Research  Equipment) 

WC-130E  aircraft  are  equipped  for  particulate  and  gaseous  atmospheric  sampling  operations  using 
systems  designated  as  Atmospheric  Research  Equipment  (ARE).  ARE  aboard  the  WC-130E  consists  of  an 
ARE  console,  two  U-l  Foil  Systems,  one  1-2  Foil  System,  a  whole  air  sampling  system,  a  sphere  case 
rack,  and  an  air  cooling  assembly  for  the  air  sampling  pressure  system  (Arts,  1973).  ARE  is  operated 
by  SEOs  on  sampling  missions. 

a.  P-System  (Gaseous  Whole  Air  Sanplinq  System).  The  P-system  is  a  whole  air  sampling  system 
designed  to  compress  air  samples  obtained  from  the  engine  bleed  air  system  through  the  transfuselage 
bleed  air  duct  just  forward  of  the  wing  carry-through  structure  in  the  cargo  compartment.  The 
compressed  air  samples  are  stored  in  spherical  bottles  under  pressure.  The  P-system  is  com, posed  of 
three  major  components:  a  pressure  platform  with  four  115V,  three-phase  AC  cannnessors ,  each  suoolv 
two  individually-selected  900-cubic  inch  spheres;  a  control  panel  located  on  the  ARE  console;  and 
engine  bleed  air  source  plumbing,  filters,  valves,  and  other  hardware.  The  compressors  and  storage 
spheres  are  mounted  in  a  pressure  platform  secured  to  the  cargo  floor  at  the  torward  left  side  of 
the  cargo  compartment.  Through  the  P-system  and  the  air-cooling  assembly,  engine  bleed  air  is 
cooled,  corrected  to  sea-level  atmospheric  pressure,  compressed,  and  stored  in  the  eight  storage 
spheres  in  the  pressure  platform  (AWS,  1973). 

b.  Air  Cooling  Assembly.  The  air  cooling  assembly  is  located  overhead  and  forward  of  the  wing 
carry-through  structure  in  the  cargo  compartment.  Engine  bleed  air  is  cooled  in  the  assembly  before 
being  compressed  and  stored  in  the  storage  spheres  (AWS,  1973). 

c.  Sphere  Case  Rack.  This  rack  is  installed  on  an  as-required  basis  and  provides  secure 
in-flight  storage  for  an  even  number  of  sphere  cases  up  to  a  total  of  18  (USAF,  1974). 

d.  U-l  Foil  System  (Particulate  Air  Sampling  System).  The  U-l  Foil  System  is  a  universal, 
"record-changer*  type,  particulate  air  sampling  system.  It  is  designed  to  filter  slipstream  air 
through  a  filter  paper  ring-grid  assembly  approximately  16  inches  in  diameter.  These  filters  are 
changed  automatically  so  that  12  possible  sample  papers  can  be  provided.  WC-1 3uE  aircraft  are 
configured  to  accept  two  removable  U-l  Foil  Assemblies  with  one  mounted  on  either  side  of  the 
forward  fuselage. 

Each  U-l  Foil  Assembly  consists  of  both  an  automatic  and  manual  filter  changer  assembly,  a  duct 
assembly,  a  duct  sealing  mechanism,  an  inlet  air-control  mechanism,  and  12  filters.  A 
pressure-sealed  cowling  contains  the  foil  systems  and  a  control  panel  is  mounted  on  the  cargo 
compartment  cover.  The  automatic  filter  changer  inserts  and  removes  one  of  the  12  filters  from  the 
duct  as  controlled  from  the  ARE  console.  The  manual  filter  changer  holds  one  filter  which  must  be 
manually  inserted  and  removed  from  the  duct.  Pressure-sealed  panels  are  provided  to  cover  the 
fuselage  openings  when  the  U-l  foils  are  removed  (AWS,  1973)  (USAF,  1974). 

e.  1-2  Foil  System.  The  1-2  Foil  System  is  a  manually-changed  particulate  air  sampling  system 
designed  to  filter  slipstream  air  through  a  4.5-inch  diameter  filter  paper  screen  assembly.  The 
filters  are  changed  manually  by  the  SEO  and  enable  the  SEO  to  monitor  collected  samples  and  select 
flight  paths  to  maintain  contact  with  samples  of  interest. 

The  1-2  Foil  System  is  composed  of  a  three-section  foil  assembly  with  gate  valves  and  actuators, 
a  heater  with  rheostat,  a  control  panel  on  the  ARE  console,  and  removable  screen  assemblies.  The 
air  intake  duct  of  the  foil  assembly  extends  forward  and  through  the  right  side  of  the  fuselage  and 
boundary  layer  and  is  directed  straight  ahead  into  the  relatively  undisturbed  slipstream  outside  the 
boundary  layer.  The  exhaust  duct  extends  aft  and  through  the  fuselage.  The  1-2  Foil  System  is 
located  next  to  the  ARE  console  on  the  forward  right  side  of  the  cargo  compartment  (AWS,  ly7J) 
(USAF,  1974). 


Figure  7.  DropsoiKle  System  Operator's  Console  on  a 
920  HI*;  lA'-llOH.  Note  the  dnnisonde  disionser  in  the 
oi:>en  ;xisitinn  in  tin ■  foreground  of  the  plxitogroph. 

A  clrof7HOiu.il''  is  ixisitinned  in  the  liXvt'r  ixirtion  of  the 
dispenser  chamber. 


f.  Atmospheric  Research  Equipment  (ARE)  Console.  The  ARE  console  contains  controls  for  the  j 

operation  of  the  sampling  systems,  the  rate-meter  systems,  an  interphone  panel  with  cord,  an  oxygen  j 

regulator  with  hose,  a  lighting  system,  an  extendable  writing  table,  and  a  seat  for  the  SEO.  All  J 

fuses  and  circuit  breakers  for  ARE  systems  are  mounted  on  the  console.  A  filter  frame  on  the  ! 

console  provides  storage  for  12  1-2  foil  filters  and  storage  is  also  provided  for  two  monitoring 
probes.  The  console  platform  is  bolted  to  the  floor  on  the  right  side  of  the  cargo  compartment  1 

forward  of  the  right  main  landing  gear  well. 

> 

The  rate-meter  system  on  the  ARE  console  is  a  B-4U0A  Dual  Channel  Count  Rate  Meter  System  j 

designed  to  detect  and  display  low  intensity  radiation  levels.  Data  collected  by  the  D-40UA  is 
recorded  on  a  Rustrak  recorder  assembly  on  the  ARE  console.  Monitoring  probes  arc  located  in  the  ; 

U-l  and  1-2  foil  assemblies. 

General  Performance  Characteristics  of  the  WC-130 


The  performance  of  an  aircraft  is  a  function  of  many  variables  and  may  even  vary  among 
individual  aircraft  of  the  same  type  and  model.  Some  of  the  variables  which  have  to  tie  considered 
in  determining  aircraft  performance  include:  ambient  temperature;  aircraft  weight;  fuel  typo, 
quantity,  and  distribution;  atmospheric  density;  length  of  available  runways;  aircralt  trim; 
aircraft  configuration  (gear  up,  gear  down,  flaps,  no  flaps,  etc.);  atmospheric  turbulence; 
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flight-level  winds;  and  a  host  of  other  variables.  Hie  following  performance  figures  for  the  C-13UH 
are  taken  from  Green  (1969),  and  are  generally  applicable  to  the  WC-13UH  (without  considering  the 
additional  fuel  capacity  provided  by  the  WC-130H  fuselage  fuel  tank): 


Maximum  Cruising  Speed  385  MPH  (334K) 
Normal  Cruising  Speed  340  MPH  (295K) 
Initial  C.imb  Rate  (at  155,000  lbs.)  1880  FPM 


Range  (maximum  payload) :  2430  miles 
Range  (maximum  fuel  and  2u,259  lb.  payload)  47b0  miles 

Itie  problem  with  cut-and-dr ied  figures  like  those  given  above  is  that  they  are  misleading  when 
viewed  in  the  context  of  normal  day-in-and-day-out  weather  reconnaissance  operations.  WC-13U 
operations  are  conducted  over  a  wide  range  of  altitudes  from  low  levels  (around  1500  feet  and  below) 
to  around  30,000  feet  (approximately  300  mb).  Airspeeds  at  the  standard  levels  flown  on  weather 
reconnaissance  missions  are  selected  to  provide  continuity  between  instrument  calibrations  from 
mission  to  mission  on  individual  aircraft.  The  following  lists  a  typical  (but  not  exclusive)  range- 
of  operating  airspeeds  (which  is  subject  to  change)  at  various  altitudes: 


Altitude  (Feet) 
1,500  (absolute) 
4,780  (850  mb) 
9,880  (700  mb) 
18,290  (500  mb) 
23,570  (400  mb) 
30,070  (300  mb) 


True  Airspeed  (TAS)  Range  (Knots) 
190-230 
220-240 
200-250 
260-290 
270-300 
270-310 


Range  and  endurance  are  two  of  the  factors  which  enter  into  most  of  the  planning  for  weather 
reconnaissance  missions.  These  two  factors  are  heavily  dependent  on  aircraft  weight,  fuel  quantity, 
type,  and  flow  rates,  aircraft  configuration,  flight  levels  and  winds  at  those  levels,  and,  from  an 
operational  standpoint,  the  duty  status  of  the  crew.  Normal  weather  reconnaissance  missions 
typically  last  11  to  13  hours  and  may  cover  in  excess  of  35UU  miles.  Maximum  time-on-station  in 
area-type  reconnaissance  operations  usually  depends  on  flying  time  to  and  from  the  area  and  the 
flight  levels  required  in  the  area. 

Conclusion 


The  WC-130  weather  reconnaissance  aircraft  is  a  specially  adapted  version  of  its  cargo-hauling 
and  rescue  cousins.  The  meteorological  systems  on  the  WC-130  were  installed  in  WC-13UB  and  WC-130L 
aircraft  after  Hurricane  Camille  devastated  the  Gulf  coast  and  represented  a  reasonable  interim 
improvement  in  WC-130  capability  while  awaiting  the  development  ana  deployment  of  an  advanced 
system.  The  lack  of  a  viable  follow-on  system  and  an  increasing  shortage  of  spare  parts  coupled 
with  the  age  of  instruments  which  date  to  early  1960's  technology  and  much  earlier  (the  SCR-718  was 
in  use  during  World  War  II)  is  increasing  the  difficulty  of  providing  data  of  the  density  and 
quality  demanded  on  many  missions.  Current  system  performance  peaked  some  time  ago  and  it  is 
uncertain  how  long  that  peak  performance  level  can  be  maintained. 
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Chapter  3 


UTILIZATION  OF  THE  WC-130  WEATHER  RECONNAISSANCE  SYSTEM 


The  central  concept  in  aircraft  weather  reconnaissance  operations  is  to  place  a  manned  sensor 
platform  in  the  atmosphere  at  the  time,  place,  and  altitude  requested  by  a  "customer,"  to  collect 
data  according  to  the  customer's  requirements,  and  to  relay  those  data  to  the  customer  in  a  usable 
coded  form  as  rapidly  as  possible.  The  requirement  for  the  data  is  normally  critically  constrained 
by  time  considerations  and  it  must  be  regarded  as  a  highly  perishable  commodity  on  most  missions. 
Tb  provide  Air  Force  resources  for  furnishing  weather  reconnaissance  support  to  military  and  other 
government  agencies,  three  main  organizational  structures  have  been  established  within  the  weather 
reconnaissance  forces. 

Weather  Reconnaissance  Organizational  Structure 

The  history  of  weather  reconnaissance  forces  is  marked  by  rapid  changes  in  organizational 
structure.  Since  1973  at  least  five  major  organizational  changes  have  occurred  within  the  Air  Force 
weather  reconnaissance  forces  ranging  from  the  deactivation  of  a  squadron  of  WB-57s  to  establishment 
of  an  Air  Force  Reserve  weather  reconnaissance  organization.  Since  organizational  change  is  a  way 
of  life  in  weather  reconnaissance,  any  effort  to  produce  other  than  a  temporary  guide  to  weather 
reconnaissance  organization  is  a  difficult  undertaking  and  is  doomed  to  eventual  failure,  at  least 
in  part. 

Current  operational  Air  Force  weather  reconnaissance  is  performed  by  Military  Airlift  Command 
(MAC)  and  Air  Force  Reserve  (AFRES)  units.  Active  duty  weather  reconnaissance  units  are  assigned  to 
the  Aerospace  Rescue  and  Recovery  Service  (ARRS)  and  to  the  Air  Weather  Service  (AWS) .  AFRES 
weather  reconnaissance  units  are  assigned  to  the  Fourth  Air  Force  (AFRES)  and  are  MAC-gained  during 
wartime.  Figure  8  illustrates  weather  reconnaissance  organization  under  MAC  and  AFRES. 

a.  ARRS  Weather  Reconnaissance  Organization.  ARRS  exercises  control  of  active  duty  weather 
reconnaissance  forces  through  the  41st  Rescue  and  Weather  Reconnaissance  Wing  (41  FfoRW) 
headquartered  at  McClellan  AFB,  California.  The  41st  has  two  primary  missions:  combat  rescue  and 
aerial  weather  reconnaissance.  The  41st  also  provides  a  wide  range  of  services  ranging  from 
logistic  support  to  isolated  sites  to  atmospheric  sampling.  The  humanitarian  goals  of  the  41st  are 
reflected  in  the  organization's  motto,  "Serving  Mankind." 

Three  active  duty  squadrons  provide  the  weather  reconnaissance  capability  within  the  41  Hwm: 
the  54th  Weather  Reconnaissance  Squadron  (54  WRS) ,  Andersen  AFB,  Guam;  the  53  WRS,  Keesler  AFB, 
Mississippi;  and  the  55  WRS,  McClellan  AFB,  California. 

The  54  WRS  operates  Lockheed  WC-130E  and  WC-130H  aircraft  on  its  primary  mission  of  tropical 
cyclone  reconnaissance  in  the  Western  Pacific  Ocean  area.  The  "Typhoon  Chasers"  of  the  54th  also 
perform  atmospheric  sampling  and  specialized  missions  in  supporting  the  manned  space  flight  proqra-, 
atmospheric  research  programs,  and  missile  research  activities. 

The  53  WRS  operates  Lockheed  WC-130E  and  WC-130H  aircraft  and  one  specially-modi  t  ied  -lJuB 
(the  AWRS  aircraft).  The  "Hurricane  Hunters"  provide  tropical  cyclone  reconnaissance  tot  the 
National  Hurricane  Center  (NHC) ,  Coral  Gables,  Florida,  and  fly  atmospheric  sampling  missions, 
winter  storms  missions  off  the  United  States  east  coast,  and  a  variety  of  special  missions,  in 
support  of  worldwide  military  operations. 

The  55  WRS  operates  Boeing  WC-135B  aircraft,  does  not  currently  operate  WC-130S,  and  is  included 
to  complete  the  organizational  picture  of  the  weather  reconnaissance  forces.  The  primary  mission  of 
the  55th  is  atmospheric  sampling  for  government  agencies.  A  limited  weather  reconnaissance 
capability  exists  in  the  55th  when  augmenting  weather  personnel  from  41  RWKW  headquarters  or  from 
AWS  headquarters  are  on  board  the  WC-135S.  The  WC-135BS  are  air-ref uellable  to  permit  greater 
ranges  and  longer  on-station  times  than  otherwise  would  be  possible. 

b.  AFRES  Weather  Reconnaissance  Organization.  The  AFRES  weather  reconnaissance  organization 
differs  from  the  ARRS  organization  due  to  the  much  heavier  training  activity  associated  with  AFRES 
units  and  the  need  to  maintain  AFRES  units  to  perform  functions  normally  provided  by  host  air  base 
organizations  or  by  higher  headquarters.  Weather  reconnaissance  in  the  AFRES  is  the  responsibility 
of  the  403d  Rescue  and  Reconnaissance  Wing  (403  HWHW) ,  Selfridge  ANG  Base,  Michigan.  The  403  HKIW, 
which  reports  to  the  Fourth  Air  Force  (AFRES),  is  a  parallel  organization  to  the  41  Hvkw  in  the 
ARRS. 


Weather  Reconnaissance  Organizational  Structure. 


The  403  FWRM  is  composed  of  one  weather  reconnaissance  group  and  four  rescue  and  recovery 
squadrons.  The  peacetime  mission  of  the  403d  is  to  provide  cannand  and  staff  supervision  for 
assigned  units  in  developing  and  maintaining  an  operational  capability  for  providing  worldwide 
rescue  and  recovery  and  weather  reconnaissance  operations.  The  wartime  mission  of  the  403d  is  to 
mobilize  and  execute  mission  tasking  inder  MAC. 

The  920  WKG,  Keesler  AFB,  Mississippi,  provides  command  and  staff  siqpport  for  a  weather 
reconnaissance  squadron,  a  consolidated  aircraft  maintenance  squadron,  a  civil  engineering  flight,  a 
tactical  clinic,  and  a  consolidated  base  personnel  office.  The  813  WRS,  also  at  Keesler  AFB,  is  the 
flying  organization  within  the  920  WRG.  The  815th  operates  WC-130H  aircraft  on  tropical  cyclone 
reconnaissance  missions  for  the  NHC,  on  tactical  support  missions  during  aircraft  deployments,  and 
on  AFGKC  support  missions.  The  815th  also  flies  winter  storms  missions  off  the  U.S.  east  coast  and 
other  special  missions. 

c.  Air  Weather  Service  (AWS)  Weather  Reconnaissance  Organization.  With  the  deactivation  of  the 
9th  Weather  Reconnaissance  Wing  (AWS)  and  transfer  of  the  active  duty  weather  reconnaissance 
squadrons  to  ARRS  in  1975,  the  AWS  role  in  weather  reconnaissance  is  to  validate  operational 
requirements,  develop  priorities  for  employment,  and  to  task  the  missions.  AWS  supplies  trained 
weather  personnel,  provides  observations,  monitorial  services  and  quality  control,  and  monitors 
meteorological  systems  status  and  development.  In  April  1977,  weather  personnel  in  the  operational 
squadrons  were  placed  in  separate  detachments  under  AWS  headquarters  to  establish  the  current  AWS 
weather  reconnaissance  structure. 

Two  detachments  and  one  operating  location  are  maintained  by  AWS  to  supply  trained  weather 
personnel  to  the  flying  squadrons,  bo  the  41  RWSW,  and,  to  a  lesser  extent,  to  the  815  WRS. 
Detachment  4  HQ  AWS,  Andersen  AfB,  Guam ,  provides  weather  officers  and  dropsonde  system  operators  to 
the  54  WRS.  Detachment  5  HQ  AWS,  Keesler  AFB,  Mississippi,  provides  weather  officers  and  dropsonde 
system  operators  to  the  53  WRS  and  to  the  815  WRS  (in  a  modest  augmentation  program) .  Operating 
Location  D,  HQ  AW S,  provides  staff  weather  support  to  the  41  HUH*  at  McClellan  AFB,  California. 

AWS  also  operates  a  network  of  weather  monitors  vdiich  receive  observations  from  weather 
reconnaissance  aircraft  via  phone  patch,  analyze  the  observations  for  quality  control  purposes,  and 
transmit  the  observations  over  longline  teletype  circuits.  Most  weather  monitor  activities  are 
performed  by  base  weather  stations  at  selected  locations.  Specialized  weather  monitoring  and 
tasking  for  tropical  cyclone  reconnaissance  missions  are  also  provided  by  Operating  Location  G,  HQ 
AWS,  Coral  Gables,  Florida,  which  is  colocated  with  the  National  Hurricane  Center.  The  list  of 
monitoring  stations  is  subject  to  rapid  change.  Table  3  is  a  list  of  the  weather  monitors  in 
current  use.  [Editor's  Note:  This  table  was  current  as  of  1977-1978.] 

Typical  Operating  Concepts  and  Procedures 

At  considerable  risk  of  extreme  oversimplification,  the  material  in  this  section  is  designed  to 
introduce  some  of  the  basic  concepts  and  procedures  that  generally  apply  to  weather  reconnaissance 
operations.  Much  detail  is  omitted  in  the  hope  of  presenting  a  rough  outline  of  typical  weather 
reconnaissance  operations. 

a.  Crew  Composition  and  Duties.  A  basic  weather  reconnaissance  crew  on  the  WC-130  consists  of 
two  pilots  (an  Aircraft  Commander  and  a  Copilot),  a  Navigator,  an  Afwo,  a  Flight  Engineer,  and  a 
Dropsonde  System  Operator.  Additional  instructor  or  evaluator  personnel  may  be  provided  as 
necessary  and  augmenting  crew  members  are  sometimes  provided  for  extended  operations. 

The  aircraft  commander  is  a  rated  pilot,  flies  the  aircraft,  canmands  the  crew,  and  is 
responsible  for  the  safe  execution  of  the  mission.  His  judgement  and  experience  are  utilized  in 
almost  every  facet  of  the  reconnaissance  operation.  The  copilot  assists  the  aircraft  commander  in 
flying  the  aircraft  and  managing  the  activities  of  the  crew.  Because  of  the  complexity  of  weather 
reconnaissance  support  to  the  NHC,  many  tropical  cyclone  observations  are  relayed  by  the  copilot  to 
free  the  AFWO  for  data  collection,  cyclone  location,  and  mission-director  duties. 

The  navigator  on  the  aircrew  is  a  rated  officer  and  is  responsible  to  the  aircraft  commander  for 
the  safe  navigation  of  the  aircraft.  He  also  provides  positions,  times,  and  flight-level  winds  to 
the  ARWO  for  use  in  observations  and  works  very  closely  with  the  AflvO  on  tropical  cyclone  and 
specialized  reconnaissance  missions. 

The  flight  engineer  is  a  specially-trained  noncommissioned  officer  (NCO)  who  operates  many  of 
the  aircraft  systems  for  the  aircraft  commander.  His  knowledge  of  aircraft  systems,  emergency 
procedures,  and  normal  operating  procedures  is  essential  to  safe  WC-130  operation. 
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TABLE  3.  AIR  WEATHER  SFRVICE  WEATHER  MONITORS  RESPONSIBLE  FOR 
COLLECTING  WEATHER  RECONNAISSANCE  DATA,  THEIR  LOCATIONS,  AND 
USAF  AERONAUTICAL  STATIONS  TYPICALLY  USED  IN  CONTACTING  EACH 
WEATHER  MONITOR. 


WEATHER 

MONITOR 

MONITOR 

LOCATION 

USAF  AERONAUTICAL 
STATION 

Miami  Monitor 

OL  G,  HQ  AWS 

Coral  Cables,  Florida 

MacDill  Airways 

Swan  Monitor 

Dot  2,  IWW 

Andersen  AFB,  Guam 

Andersen  Airways 

Lajes  Monitor 

Det  19,  7WW 

Lajes  Field,  Azores  Is 

Lajes  Airways 

Mather  Monitor 

Det  7,  24WS 

Mather  AFB,  California 

McClellan  Airways 

Elmendorf  Monitor 

Det  1,  tlUS 

Elmendorf  AFB,  Alaska 

Elmendorf  Airways 

Let terman 

Det  4,  IWW 

Hickam  AFB,  Hawaii 

Hickam  Airways 

Yokota  Monitor 

Det  17,  30WS 

Yokota  AB ,  Japan 

Yokota  Airways 

Clark  Monitor 

Det  5,  IWW 

Clark  AB,  Philippines 

Clark  Airways 

Rhein-Main  Monitor 

Det  23.  31WS 

Rhein-Main,  Germany 

Croughton  Airways 

Incirlik  Monitor 

Tuslog  Det  2 

Incirlik.  Turkey 

Incirlik  Airways 

Meteorological  expertise  on  WC-130  aircrews  is  provided  by  the  AFSvO  and  the  dropsonde  system 
operator.  AftoOs  are  selected  from  qualified  Air  Force  weather  officers  and  must  complete  special 
qualification  and  survival  training  before  assuming  duties  as  a  fully  qualified  AKWO.  Dropsonde 
system  operators  are  selected  from  qualified  Air  Force  NCO  weather  observers  and  must  also  complete 
special  qualification  and  survival  training  which  includes  training  as  scanners  and  loadmasters  in 
C-130  operations. 

The  ARJO  prepares  horizontal  and  special  weather  observations  and  transmits  observations  from 
the  aircraft.  The  AHWO  is  responsible  to  the  aircraft  commander  for  coordinating  and,  in  many 
cases,  directing  the  aircrew  effort  in  accomplishing  the  weather  reconnaissance  mission  to  the 
satisfaction  of  the  mission  customer.  The  ARWOs  knowledge  of  customer  requirements,  weather 
reconnaissance  procedures  and  techniques,  and  meteorological  expertise  is  essential  to  the 
successful  accomplishment  of  weather  reconnaissance  operations. 

The  dropsonde  system  operator  operates  the  Vertical  Meteorological  System  to  produce  atmospheric 
soundings  at  points  selected  by  the  AFWC  or  the  mission  customer.  The  dropsonde  system  operator 
also  has  special  responsibilities  involving  the  inspection  of  the  aircraft  and  the  loading  of  cargo 

and  passengers.  Some  aspect  of  the  dropsonde  system  operator's  duties  figures  into  every  phase  of  / 
the  weather  reconnaissance  mission. 

Successful  weather  reconnaissance  operations  require  that  every  crew  member  function  as  a  member 
of  a  team  in  accomplishing  the  mission.  Constant  crew  coordination  is  required  in  executing 
back-to-back  weather  reconnaissance  missions  in  a  timely,  efficient,  and  effective  manner. 

Each  crew  member  has  duties  requiring  his  particular  area  of  expertise  in  the  ground  phase  of 
the  weather  reconnaissance  operation.  AFWOs  provide  staff  weather  officer,  training,  quality 
control,  and  altimetry  services  in  addition  to  their  flying  duties.  Dropsonde  system  operators 
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provide  training,  quality  control,  administrative,  and  logistic  support  to  the  operational  units. 
Operations  centers  are  frequently  manned  by  weather  personnel  in  addition  to  or  instead  of  other 
personnel. 

b.  Prede^arture  Activity.  Activity  during  the  predeparture  phase  of  the  reconnaissance 
operation  varies  considerably  and  depends  on  the  nature  of  the  mission,  the  priority  and  difficulty 
of  the  mission,  the  lead  time  available  for  assigning  a  crew,  aircraft  availability,  and  customer 
requirements.  Activity  associated  with  the  predeparture  phase  of  a  tasked  mission  may  occur  over  a 
period  of  several  days  or  even  weeks  but  is  normally  confined  to  the  24-  to  4b-hour  period  prior  to 
launching  the  aircraft  and  often  occurs  over  periods  shorter  than  24  hours.  In  nonwartime 
situations,  the  minimum  time  to  "generate"  an  aircraft  and  crew  is  the  time  necessary  for  crew  rest 
(normally  12  hours)  and  for  preflighting,  starting,  and  launching  the  aircraft  (normally  around  3 
hours)  (ARRS,  1976).  The  15-hour  period  assumes  that  no  TOY  is  involved,  that  the  aircraft 
functions  normally,  and  that  the  crew  has  been  previously  identified  and  placed  in  crew  rest  at  the 
start  of  the  15-hour  period.  The  rules  and  procedures  involved  for  every  case  in  setting  up  crews 
and  aircraft  for  operational  missions  are  too  complex  to  be  covered  in  detail  in  this  report. 

A  typical  sequence  in  the  predeparture  phase  of  a  mission  begins  with  mission  tasking  by  an 
authorized  customer.  After  the  mission  tasking  receives  any  necessary  coordination  with  other 
agencies  involved  in  the  operation  and  is  approved  by  higher  headquarters,  it  is  transmitted  to  the 
operational  squadrons  for  execution. 

When  the  squadrons  receive  tasking  for  a  mission,  they  identify  a  crew  and  notify  the  crew 
members  to  enter  crew  rest  for  the  mission.  Mission  folders  and  trip  kits  containing  forms  and 
publications  required  on  the  mission  are  prepared  and  checked.  If  time  permits,  the  route  of  flight 
is  plotted  and  preliminary  flight  planning  is  accomplished  before  the  crew  reports  for  the  mission, 
to in te nance  organizations  supporting  the  flying  squadrons  prepare  an  airplane  and  a  backup  airplane 
if  one  is  available.  As  much  preparation  and  coordination  as  possible  are  done  prior  to  alerting 
the  crew  to  report  for  the  mission. 

Wien  the  crew  reports,  they  receive  a  mission  briefing  or  set  of  briefings  and  complete  any 
remaining  coordination  activities  with  the  customer  and  other  agencies  involved  in  the  mission.  If 
the  aircraft  is  ready  for  preflight  inspection  (or  "preflight") ,  the  crew  loads  baggage  and  mission 
kits  and  preflights  the  aircraft  to  assure  that  all  necessary  aircraft  systems  are  operational. 
This  process  of  checking  and  evaluating  system  performance  continues  throughout  the  predeparture 
time  period  and  continues  into  the  flight  phase.  Systems  that  are  not  operational  and  that  are 
required  for  the  mission  are  repaired  as  necessary  by  maintenance  personnel.  If  repair  time  exceeds 
time  available  for  predeparture  activity,  the  crew  moves  to  a  backup  aircraft  if  one  is  available  or 
delays  departure. 

After  completing  their  portion  of  the  preflight,  the  pilots,  navigator,  and  A1WO  finish  any 
remaining  flight  planning  and  coordination  activity  at  an  operations  facility  (normally  base 
operations)  and  return  to  the  aircraft  after  receiving  a  weather  briefing  and  filing  a  flight  plan. 
Oi  return  to  the  aircraft,  each  crew  member  mans  a  crew  station,  engines  are  started,  the  crew 
entrance  door  is  secured,  and  the  aircraft  is  taxied  to  an  engine  runup  area.  In  the  runup  area, 
the  engines  and  propellers  are  checked  at  various  power  settings  and  last  minute  systems  checks  are 
performed.  Normally,  flight  plan  clearance  is  available  from  the  control  tower  at  this  point.  If 
all  is  in  order  and  the  necessary  clearances  are  obtained,  the  aircraft  is  taxied  onto  the  runway 
and  launched  on  the  mission. 

c.  In-Flight  Activity.  airing  the  climb  out  from  the  departure  base,  contact  is  established 
with  controlling  agencies  and  departure  reports  are  made  to  command  and  control  centers. 
Meteorological  altimeters  are  calibrated  during  climb  out  if  this  phase  of  flight  occurs  over  open 
ocean.  Systems  checks  continue  and  a  watch  is  maintained  for  other  aircraft  traffic.  Initial 
contact  is  made  with  a  High-Frequency  (HF)  Aeronautical  Station  for  relaying  weather  observations 
and  position  reports  later  on  in  the  mission. 

After  leveling  off  at  cruise  flight  level  (or  the  first  of  many  such  levels),  normal  activity  is 
associated  with  two  main  functions:  the  safe  operation  of  the  aircraft  in  its  operational  profile, 
and  the  collection  and  dissemination  of  weather  data.  The  safe  operation  of  the  aircraft  on  the 
mission  involves  many  functions  but  chief  among  them,  are  obtaining  clearances  arxi  flight-plan 
changes,  maintaining  contact  with  flight-following  and  control  agencies,  navigation,  canmand  and 
control,  systems  monitoring  and  operation,  customer  coordination,  art!  the  most  important  of  all, 
flying  the  aircraft. 


Every  part  of  the  flight  profile  on  an  operational  WC-1 3u  mission  involves  clearances  of  some 
sort  from  a  flight  control  agency.  Obtaining  clearances  and  changing  flight  plans  to  adapt  the 


flight  profile  to  mission  requirements  is  accompli sneci  by  the  pilots  after  coordinating  as  necessary 
with  the  navigator,  Aft#},  and  flight  engineer.  Clearance  constraints  may  make  some  desirable 
aspects  of  a  mission  impossible  to  attain  (a  flight  level  or  operating  area  may  not  be  available  for 
use,  etc.) . 

Effective  communications  are  essential  to  the  successful  conclusion  of  the  weather 
reconnaissance  mission.  Contact  must  be  maintained  between  the  aircraft  and  flight  control 
agencies,  command  and  control  centers,  HF  Aeronautical  Stations  tor  relaying  weather  observations, 
position  reports,  and  clearance  requests,  and  with  the  customer  or  a  customer-coordinating  agency. 
A  number  of  radios  are  maintained  aboard  the  aircraft  for  communications  purposes  and  some  WC-HOEs 
are  equipped  to  accept  secure  cornmaiications  devices  for  special  operations. 

Navigation  over  an  airways  network  between  \OR,  TACAN,  WRTAC,  and  beacon  facilities  is  normally 
accomplished  by  the  pilots  with  monitoring  by  the  navigator.  Outside  the  range  of  these  short-range 
navigation  facilities  the  navigator  comes  into  his  element.  Using  primarily  OMEGA,  Doppler,  and 
celestial  navigation  techniques  to  obtain  lines-of-position  (LOPs) ,  the  navigator  keeps  track  of  the 
aircraft  position  relative  to  planned  flight  path,  determines  headings  to  maintain  the  aircraft  on 
its  planned  flight  path,  and  furnishes  this  information  to  the  pilots  for  position  reports  and 
course  control.  Ihe  navigator  also  maintains  a  radar  watch  for  hazardous  weather  and  keeps  track  of 
fuel  status  using  data  furnished  by  the  flight  engineer. 

Command  and  control  of  the  mission  is  exercised  by  the  aircraft  commander  and  ground-based 
control  centers  and  is  normally  accomplished  by  radio  contact.  Qi  most  missions,  command  and 
control  functions  are  performed  by  wing  or  squadron  operations  centers  with  the  aircraft  commander 
having  the  final  responsibility  for  the  safe  execution  of  the  mission.  Command  and  control 
functions  normally  performed  by  operations  centers  during  the  flight  phase  of  the  mission  include 
assigning  recovery  bases  if  a  new  recovery  base  is  required,  modifying  mission  tasking,  and 
coordinating  various  aspects  of  the  mission  with  the  customer,  maintenance,  and  other  agencies. 

Systems  monitoring  and  operation  is  performed  by  every  crew  member  to  a  degree  but  is 
accomplished  primarily  by  the  flight  engineer.  The  flight  engineer  keeps  track  of  the  operation  of 
aircraft  engines,  the  fuel  and  electrical  systems,  the  hydraulic  systems,  propellers,  etc.,  and 
maintains  a  record  of  discrepancies  and  operating  conditions  during  the  flight.  The  flight  engineer 
adjusts  the  operation  of  various  systems  to  maintain  normal  operations  or  as  directed  by  the  pilots. 
Much  of  t:he  effectiveness  of  emergency  procedures  depends  on  the  flight  engineer's  thorough 
knowledge  of  aircraft  systems  and  how  they  operate. 

Customer  coordination  is  normally  performed  by  the  AIWO  or  the  AHWO  and  aircraft  commander. 
Operational  constraints  may  require  modifying  flight  profiles  in  such  a  way  as  to  adversely  affect 
customer -required  data.  Data  coverage  may  be  different  from  that  expected  by  the  customer  if 
constraining  situations  develop.  Changes  in  communications  facilities  or  data  transmission 
procedures  may  be  required.  In  these  cases  and  many  others  it  is  necessary  to  contact  the  customer 
and  coordinate  changes  in  procedures  or  requirements.  Effective  customer  coordination  is  especially 
essential  in  tropical  cyclone  reconnaissance  and  on  special  operations. 

Recovery  of  the  aircraft  involves  securing  more  clearances,  descent  and  calibration  of 
meteorological  altimeters,  and  approach  and  landing  at  the  recovery  base.  After  landing,  the 
aircraft  is  taxied  to  packing,  engines  are  shut  down,  systems  are  turned  off,  and  the  aircraft  is 
secured. 

d.  Postfliqht  Activity.  Rastflight  activity  involves  all  crew  members  and  consists  mainly  of 
completing  paperwork,  moving  baggage,  coordinating  support  activities  at  the  recovery  base,  closing 
out  the  flight  plan,  and  contacting  command  and  control  facilities  with  arrival  reports.  In  most 
cases,  the  ARWQ  contacts  the  mission  customer  to  make  sure  that  the  customer  has  received  all  the 
data  and  that  his  requirements  have  been  met. 

Any  necessary  postflight  maintenance  is  accomplished  if  the  necessary  personnel  and  facilities 
are  available.  Maintenance  activities  are  normally  performed  or  coordinated  by  the  crew  chief  and 
assistant.  The  crew  chief  and  assistant  are  furnished  by  the  home  base  maintenance  organizat ion, 
fly  aboard  the  aircraft  on  deployments,  and  are  responsible  for  accomplishing  or  coordinating 
maintenance  of  the  aircraft. 

If  necessary,  the  aircrew  enters  crew  rest  for  the  start  of  a  new  mission  cycle.  As  much 
preplanning  and  coordination  as  possible  for  any  new  mission  tasking  is  accomplished  before  the  crew 
actually  enters  a  new  crew  rest  period. 


e.  Variations.  All  sorts  of  variations  in  procedures  occur  due  to  weather  conditions, 
equipment  failure,  changes  in  customer  requirements,  personnel  changes,  and  even  individual 
preferences  to  a  limited  degree.  Changes  in  operational  concepts  require  changes  in  procedures. 
Changes  in  equipment  or  equipment  status  precipitate  still  more  changes.  Weather  reconnaissance 
operations  and  concepts  must  be  and  are  flexible  enough  to  accommodate  all  customer  requirements  in 
a  wide  range  of  operational  situations. 

Horizontal  Data  Collection 

Horizontal  data  collection  refers  to  data  collected  using  the  Horizontal  Meteorological  System, 
data  inputs  from  the  navigator,  and  the  visual  and  other  elements  used  in  the  preparation  of 
horizontal  observations.  A  horizontal  observation  is  a  meteorological  observation  taken  from  a 
reconnaissance  aircraft  in  which  the  observing  platform  (aircraft)  is  considered  to  be  located  at 
the  center  of  a  cylinder  of  air  30  NM  in  radius  (9WPW,  1975).  Measured  parameters  are  reported  for 
the  aircraft  flight  level  (or  computed  as  in  height  of  standard  pressure  surface  data).  Visual  and 
radar  data  are  reported  within  the  30-NM  radius  cylinder  and  for  occurrence  off  or  along  the 
aircraft  course  of  flight  outside  the  cylinder.  WC-130  horizontal  observations  are  prepared  and 
encoded  by  the  ARWO. 

Elements  of  the  horizontal  observation  provided  by  the  nagivator  include  time  (which  may  also  be 
determined  by  the  AIWO) ,  aircraft  position,  and  most  important  meteorologically,  flight-level  wind. 
Flight-level  wind  data  is  normally  obtained  by  using  the  Doppler  radar  system's  ground-speed  and 
drift-angle  readouts  along  with  the  TAS  value  from  another  indicator  and  the  aircraft  heading  from 
the  compass  system.  Using  ground  speed,  drift  angle,  heading,  and  TAS,  it  is  possible  to  compute  a 
flight-level  wind  speed  and  direction.  If  the  Doppler  system  fails,  fix-to-fix  winds  are  provided 
if  possible.  Each  position  determination  is  referred  to  as  a  "fix"  or  "position  fix."  Ely  knowing 
two  successive  positions,  ground  speed,  TAS,  and  aircraft  headings,  it  is  possible  to  produce  an 
average  wind  direction  and  speed  between  the  two  positions.  This  method  is  subject  to  considerable 
error  in  some  circumstances  and  is  used  only  after  failure  of  the  Doppler  system. 

Elements  obtained  or  computed  using  the  Horizontal  Meteorological  System  include  height  of  the 
standard-pressure  surface,  temperature,  dew  point,  and  sea-surface  temperature.  Height  of  standaro 
pressure  surface  [or  D-value  or  sea-level  pressure  (SLP) )  computations  are  made  using  absolute  and 
pressure  altitudes  along  with  corrections  for  geopotential  (variation  in  gravity  with  latitude  and 
absolute  altitude)  and  for  virtual  temperature.  Virtual  temperature  is  computed  for  the  aircraft 
flight  level  and  a  correction  based  on  the  virtual  temperature  is  used  to  account  for  density 
variations  due  to  water-vapor  content  in  the  layer  between  the  aircraft  and  the  standard  pressure- 
surface.  The  basic  process  consists  of  computing  a  D-value,  correcting  the  D-value  for  geopotentia, 
and  virtual  temperature  variations,  and  extrapolating  the  corrected  D-value  in  computing  the  height 
of  the  standard  pressure  surface.  The  same  basic  process  is  used  in  computing  sea-level  pressur' 
except  that  the  geopotential  correction  is  regarded  as  unnecessary  within  current  accuracy 
constraints. 

Height  of  standard  pressure  surface  data  are  reported  when  the  aircraft  meteorological  absolute 
and  pressure  altimeter  systems  are  operational  and  calibrated,  the  aircraft  is  over  open  ocean,  and 
the  aircraft  is  at  or  within  1500-pressure  feet  of  a  standard  pressure  surface.  .Similarly, 
sea-level  pressure  data  are  calculated  and  reported  if  the  aircraft  is  at  or  within  15UU-a  va lute- 
feet  of  the  ocean  surface.  The  1500-foot  limit  is  considered  to  be  the  limit  of  acceptable  accuracy 
for  computational  purposes.  It  the  aircraft  is  not  at  or  within  the  1500-foot  limit,  D-value:.  are 
computed  and  reported.  Failure  of  the  dew-point  hygrometer  system,  does  not  preclude  height  of 
standard  pressure  surface  computations  even  though  the  failure  prevents  computation  of  a  virtual 
temperature.  In  this  case  and  for  the  situation  in  which  the  air  sample  is  too  dry  lor  aew-point 
determination,  virtual  temperature  and  ambient  temperature  are  assumed  to  be  the  same-. 

Temperature  and  dew  point  are  obtained  from  the  AN/AMQ-2E)  and  AN/AMQ-34  as  discussed  previously. 
Measured  frost  points  are  converted  to  dew  points  using  a  special  table  before  the  dew  point  is 
encoded.  Backup  temperature  information  is  available  from  the  navigator's  Qatside  An  Temperature 
(OAT)  gauge  but  this  indicator  is  seldom  used  for  observational  purposes  due  to  its  relative- 
inaccuracy.  The  aircraft  does  not  have  a  backup  system  for  determining  dew  point. 

Sea-surface  temperature  is  obtained  frati  the  EKT-5  and  is  reported  when  the  aircraft  is  at  ot 
within  1750-feet  absolute  altitude  of  the  sea  surface.  Sea-surface  temperature  is  not  reported  i! 
the  PRT-5  is  inoperative  or  if  the  sea  surface  is  obscured  by  meteorological  phenomena  (SWHk,  1975). 


Ftadar  data  are  reported  using  the  aircraft  AN/APN-59  Airborne  kadar  which  has  an  operating  wave 
length  of  3.2  an.  iwo  plan-position  indicator  displays  are  available  on  scopes  at  the  navigator 
position  and  on  the  pilot's  instrument  panel.  An  iso-echo  capability  is  provided  and  usable  rang--: 


for  meteorological  purposes  extend  to  about  100  or  150  NM.  Radar  data  are  encoded  by  the  AJ*K)  and 
reported  when  meteorological  returns  are  present. 

Subjective  observer  inputs  to  the  horizontal  observation  include  clouds,  visibility  at  flight 
level,  precipitation,  turbulence,  haze  or  fog,  surface  wind  direction  and  speed,  and  aircraft 
icing.  Subjective  observer  inputs  can  be  divided  into  two  categories:  weather  phenomena  occurring 
inside  the  30-fM  observation  cylinder  and  weather  phenomena  occuring  outside  the  cylinder  (weather 
off  course)  or  along  the  flight  path  outside  the  cylinder  (significant  weather  changes).  Weather 
off-course  data  include  visual  phenomena  such  as  cirrostratus  or  altostratus  shields  or  banks,  heavy 
cumulus  lines,  cumulonimbus  or  thunderstorms,  waterspouts,  dust  storms  or  sandstorms,  fog  or  ice 
fog,  and  the  bearing  from  the  aircraft  with  respect  to  true  north  where  these  phenomena  are 
observed.  Significant  weather  changes  may  include  marked  wind  shifts,  the  beginning  or  ending  of 
marked  turbulence,  marked  temperature  changes  at  constant  altitude,  changes  in  cloud  forms,  the 
beginning  or  ending  of  precipitation  or  a  fog  bank,  and  passage  through  cold  fronts  or  warm  fronts. 
The  distance  to  the  point  of  occurrence  of  the  significant  weather  change  is  also  reported  (ywKW, 
1975). 

Clouds  are  reported  in  layers  by  type,  amount  of  coverage  in  the  layer,  the  altitude  of  bases 
and  tops  of  the  layer,  and  a  flight-condition  element  in  the  coded  observation  which  is  designed  to 
augment  and  amplify  the  reported  layered  cloud  groups.  Specific  cloud  types  include  cirrus, 
cirrostratus,  cirrocumulus,  altocumulus,  altostratus,  nimbostratus,  stratocumulus,  stratus  or 
stratus  fractus,  cumulus  or  cumulus  fractus,  and  cumulonimbus.  Cloud  amounts  are  reported  in  octas 
for  each  layer.  The  flight-condition  element  is  the  average  cloud  condition  experienced  by  the 
aircraft  in  the  30-NM  radius  observation  cylinder  and  is  considerea  to  be  the  total  amount  of  cloud 
above  the  aircraft  in  a  ratio  to  the  total  amount  of  sky  visible  above  the  aircraft  and  the  total 
amount  of  cloud  below  the  aircraft  in  a  ratio  to  the  total  amount  of  surface  visible  below  the 
aircraft.  The  summation  principle  does  not  apply  in  determining  the  flight-condition  element  of  the 
observation  (AWS,  1977b) . 

Visibility  at  flight  level  is  somewhat  difficult  to  determine  due  to  the  lack  of  established 
reference  points  for  visibility  estimates.  For  this  reason,  flight-level  visibility  in  horizontal 
observations  is  reported  in  three  coarse  categories:  visibility  1  NM  or  less;  visibility  1  to  3  NM; 
and  visibility  greater  than  3  NM.  These  three  categories  have  been  found  to  be  adequate  for  most 
weather  reconnaissance  purposes  (9W54V,  1975). 

Precipitation  is  determined  from  its  appearance  (on  the  windshield,  against  a  backgrouno  such  as 
a  cowling  or  wing,  or  at  a  distance),  duration,  and  intensity.  Precipitation  is  reported  in  types 
ranging  from  drizzle  to  hail  and  intensities  of  light,  moderate,  or  heavy  (9WBW,  1975).  Some 
difficulty  may  be  encountered  in  interpreting  weather  reconnaissance  reports  of  precipitation  until 
the  user  recalls  that  the  data  are  reported  from  a  continuously  moving  platform  rather  than  from  a 
fixed  land  station  or  a  relatively  stationary  ship. 

Turbulence  is  estimated  and  reported  in  four  main  categories  as  light,  moderate,  severe,  or 
extreme  turbulence  with  subcategories  of  light  chop  and  moderate  chop.  Turbulence  is  estimated  using 
criteria  developed  for  standard  reporting  based  on  aircraft  reaction  to  the  turbulence  and  the 
reactions  of  occupants  and  objects  inside  the  aircraft  (9W1W,  1975). 

Haze  and  fog  are  reported  when  they  occur  in  the  30-fW  observation  cylinder  in  the  same  code 
element  in  which  precipitation  is  reported.  Fog  decks  outside  the  observation  cylinder  may  also  be 
reported  as  weather  off  course  (9WFW,  1975). 

Surface  winds  are  estimated  from  the  appearance  of  the  ocean's  surface  and  are  required 
reporting  items  when  the  aircraft  is  operating  at  the  700-mb  level  or  lower  and  the  surface  is 
visible  (9WiW,  1975).  Surface  winds  may  also  be  reported  when  the  aircraft  is  operating  at  higher 
altitudes  at  the  AfWOs  discretion.  Surface  wind  estimates  of  both  direction  and  speed  have  proved 
to  be  quite  accurate  after  some  experience  is  gained  by  new  ARWOs  in  interpreting  the  appearance  of 
the  ocean's  surface. 

Aircraft  icing  is  reported  by  type,  rate,  altitude  of  occurrence,  and  point  along  the  flight 
path  at  which  the  icing  begins  or  ends.  Icing  rates  are  subjectively  determined  as  light,  moderate, 
or  heavy  with  types  ranging  from  rime  ice  in  clouds  and  clear  ice  in  precipitation  to  frost  (icing 
in  clear  air).  The  altitudes  of  the  top  and  base  of  the  icing  stratum  or,  if  the  icing  occurred  in 
level  flight,  the  altitude  of  the  aircraft  are  also  reported  (9WHW,  1V75).  WC-130s  have  an  anti-ice 
capability  only  and  are  not  designed  to  cope  with  rapid  rates  of  ice  accumulation  for  long  periods 
of  time. 


Subjective  observer  inputs  to  horizontal  observations  may  be  amplified  by  pi a in- language  remarks 
appended  to  the  observations.  Horizontal  observations  may  be  encoded  in  several  different  forms 
depending  on  the  type  and  amount  of  data  required  by  the  individual  customer.  The  reporting 
criteria  mentioned  in  the  preceding  paragraphs  apply  to  the  format  used  most  oft-2n  in  weather 
reconnaissance  operations:  the  RECCO  code. 

The  RECCO  code  uses  5-digit  numerical  groups  to  encode  horizontal  observation  data.  The 
symbolic  form  of  the  RECCO  code  is  given  in  Table  4  along  with  a  brief  description  of  the 
information  coded  in  each  group.  The  first  eight  groups  of  the  RECCO  observation  are  mandatory 
groups  and  must  be  reported  for  every  observation.  Groups  with  indicators  from  1  to  b  may  be 
omitted  if  the  data  are  not  available  or  may  be  repeated  as  necessary  to  completely  describe  weather 
conditions.  The  group  with  an  indicator  of  9  is  used  to  report  visibility  and  sea-surface 
temperature  aata.  PI a in- language  remarks  are  appended  after  the  9-group. 

Complete  instructions  for  encoding  weather  phenomena  in  the  RECCO  code  are  far  too  lengthy  to  be 
covered  in  their  entirety  here.  Individuals  interested  in  decoding  RECCO  observations  from  weather 
reconnaissance  aircraft  should  consult  AWS  Regulation  105-2'  or  AWS  Regulation  105-25  for  complete 
coding  procedures. 


TABLE 


SYMBOLIC  FORM  OF  THE  RFC CO  CODE. 


Indi-  Time  and  Day  of  the  Longitude, 

cator  Dew-Point  Week,  Oetant  Turbulence, 
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Vertical  Data  Collection 

Vertical  atmospheric  soundings  are  obtained  below  WC-13U  aircraft  by  releasing  special 
radiosondes  which  transmit  temperature,  relative  humidity,  pressure,  and  reference  signal  data  by 
radio  back  to  the  aircraft  as  the  radiosonde  falls  to  the  surface  of  the  earth,  .i  !i  >»••<»  released 
from  the  aircraft  are  referred  to  as  "dropsondes"  and  the  encoded  sounding  produced  from  the  raw 
data  is  referred  to  as  a  "drop."  The  radiosonde  used  by  WC-13U  weather  reconnaissance  units  u  the 
AN/AMT-13  Radio  Dropsonde. 

a.  AN /AMT- 13  Radio  Dropsonde.  The  AN/AMT-1  1  is  an  expendable,  cylindrical  radiosonde 
(dropsonde)  which  is  is  inches  long,  3.  b  inches  in  diameter,  and  weighs  4.7  pounds,  Ttw-  TIN  AM1!-]) 
transmits  temperature,  relative  humidity,  pressure,  high  reference  signals,  and  low  reference 
signals  by  radio  as  it  falls  through  the  atmosphere.  Dropsondes  are  released  Iran  the  aircraft 
using  a  dispenser  located  beside  the  dropsonde  system  operator's  console  near  the  r  lght  mratroop 
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door.  As  the  dropsonde  leaves  the  aircraft,  a  small  parachute  is  deployed  which  stablizes  the 
instrument  in  its  fall  and  extends  the  antenna  for  the  radio  transmitter.  Radio  signals  frcm  the 
dropsonde  are  received  and  interpreted  using  the  other  components  ot  the  Vertical  Meteorological 
System. 

The  dropsonde  consists  of  a  solid-state  pulse  generator  and  modulator,  a  vacuum  tube  type 
radio-frequency  (RF)  oscillator  and  final  amplifier,  a  parachute  and  antenna  assembly,  an  aneroid 
pressure  sensor,  a  motor-driven  commutator  assembly,  a  humidity  and  temperature-sensor  assembly,  and 
a  rechargeable  16-volt  battery  pack  with  associated  circuitry  (Bendix  Corporation,  1968).  The 
humidity  element  is  installed  in  the  dropsonde  during  the  baseline  calibration  process. 

Hie  radio  signal  produced  by  the  AN/AMT-13  is  a  pulse  time-modulated  signal  with  a  variable 
pulse-repetition  frequency  (PRF)  ranginy  from  2400  Hz  (open  space  frequency  between  segments  +50  Hz) 

to  6050  Hz  (high  reference  signal  +100  Hz).  The  low  reference  signal  has  a  PRF  of  3100  +100  Hz.  .  , 

PRFs  for  temperature,  relative  humidity,  and  pressure  signals  are  variable  and  fall  between  the 

values  for  high  and  low  reference  signals.  A  "segment"  of  signals  is  produced  in  the  following  ! 

sequence :  ; 

High  reference 

Temperature 

Humidity 

Pressure 

Temperature 

Humidity  < 

bow  reference  ] 

Temperature 

Humidity 

Pressure 

Temperature 

Humidity 

Segments  are  separated  by  the  open  space-frequency  of  2400  Hz  (Bendix  Corporation,  1968).  The 
signals  frcm  the  dropsonde  are  converted  by  the  AN/AMC-29  Dropsonde  Data  Recording  System  into  "time 
periods”  for  each  signal  received  from  the  dropsonde  and  are  printed  out  for  use  by  the  dropsonde 
system  operator.  The  dropsonde  system  operator  converts  the  time  period  printout  frcm  the  AN/AMQ-29 
to  the  actual  temperature,  relative  humidity,  and  pressure  data  in  the  atmospheric  sounding  (9WFW, 

1975) . 

In  general,  the  operation  of  the  AN/AMT-1 3  is  represented  by  the  block  diagram  in  Figure  9 
(Berriix  Corporation,  1968).  Rower  from  the  battery  pack  is  applied  to  the  dropsonde  just  prior  to 
its  release  from  the  aircraft.  Applying  power  activates  the  dropsonde  components  and  starts  the 
commutator  motor.  As  the  commutator  rotates,  various  resistors  or  resistive  sensors  are  placed  in 
the  Resistance-Capacitance  (RC)  circuit  of  a  relaxation  oscillator.  As  these  resistances  are  placed 
in  the  circuit,  the  time  constant  and  frequency  of  the  relaxation  oscillator  changes.  Variation  in 
the  resistances  of  the  sensor  elements  also  produces  a  time-constant  change  as  the  ambient 
atmospheric  conditions  change  during  the  fall  of  the  instrument.  Two  stable  resistances  are  used  to 
set  the  time  constants  for  the  reference  frequencies.  The  siqnals  from  the  resistance  elements 
(reference  and  sensor)  ate  fed  to  relaxation  and  blocking  oscillators  to  produce  a  pulse 
time- modulated  output  Signal  in  a  4U2.5-MHz  band  (Bendix  Corporation,  1968). 
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Form  of  Cock'd  Drop  sonde  SouncUnqs. 


The  cornu  tator  of  the  dropsonde  completes  one  revolution  every  6  seconds  and  produces  12  bits  of 
information  per  revolution  in  the  sequence  previously  discussed.  Temperature  and  relative  hunidity 
information  are  obtained  directly  frcm  resistance  elements.  Pressure  data  is  obtained  using  an 
aneroid  cell  mechanically  connected  to  a  wire-wound  resistor  element.  Hie  cam-controlled  sensor  arm 
from  the  aneroid  cell  is  raised  and  lowered  to  contact  the  resistor  element  twice  during  each 
commutator  revolution  so  that  pressure  is  sampled  twice  while  temperature  and  relative  humidity  are 
sampled  four  times  during  each  revolution  (Bendix  Corporation,  1968). 

b.  Atmospheric  Soundings.  Data  produced  by  the  AN/AMT-13  are  reduced  on  board  the  aircraft  by 
the  dropsonde  system  operator.  The  time  required  to  produce  the  sounding  var ies  depending  upon  the 
experience  and  proficiency  of  the  dropsonde  system  operator,  the  altitude  from  which  the  dropsonde 
was  released  (and  hence,  the  amount  of  data  to  be  reduced),  and  whether  or  not  the  calculator  is 
used  for  data  reduction.  A  sounding  from  700  mb  to  the  surface  may  take  30  minutes  to  compute  and 
encode  for  transmission  if  the  calculator  is  used.  Soundings  from  300  mb  with  many  significant 
levels  may  take  more  than  an  hour  to  produce  and  encode  even  when  the  calculator  is  used. 

Atmospheric  data  encoded  in  the  completed  soimding  include  temperature,  dew-point  depression, 
and  pressure.  The  data  are  encoded  in  a  World  Meteorological  Organization  (W10)  TEMP  SHIP  code  form 
as  modified  for  use  in  dropsonde  sounding.  Figure  10  illustrates  the  general  form  of  the  code. 
More  complete  information  on  encoding  dropsonde  data  is  given  in  AWS  Regulation  105-25  (AWS,  1975). 
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Chapter  4 

THE  DISSEMINATION  OF  WC-130  METEOROLOGICAL  CftTA, 
ITS  ACCURACY,  AND  QUALITY  CONTROL 


Customers  using  meteorological  data  from  WC-130  weather  reconnaissance  aircraft  need  to  have 
some  understanding  of  the  way  the  data  are  handled  before  transmission  over  teletype  networks  and 
some  idea  of  how  accurate  these  data  are  in  final  form.  Basic  dissemination  of  the  data  takes 
advantage  of  existing  high-frequency  radio  facilities  and  ground  weather  organizations.  Quality 
control  of  WC-130  meteorological  data  occurs  at  many  points  in  the  data  gathering  and  transmission 
process  and  again  in  the  post  mission  environment. 

Data  Dissemination 

Dissemination  of  completed  horizontal  and  vertical  observations  from  the  aircraft  is  normally 
made  over  high-frequency  radio  through  a  LEAF  Aeronautical  Station  phone  patch  to  a  "weather 
monitor."  The  weather  monitor  copies  the  observation,  checks  it,  and  transmits  it  over  teletype 
channels.  Transmission  of  the  data  is  made  from  the  aircraft  by  using  plain-language  voice  contact 
and  is  subject  to  the  vagaries  of  high-frequency  radio  propagation  conditions  on  the  normal 
operating  frequencies  of  the  aeronautical  stations.  Table  3  of  Chapter  3  of  this  report  lists  AWS 
Weather  Monitors  and  the  aeronautical  stations  normally  used  to  contact  them.  Figure  11  is  adapted 
from  AWSR  105-25  (AWS,  1975),  and  illustrates  the  worldwide  distribution  of  the  aeronautical 
stations. 

The  LEAF  Aeronautical  Stations  provide  the  primary  means  of  air/ground  communications  for 
weather  reconnaissance  data  transmission  to  the  weather  monitors.  Under  normal  propagation 
conditions,  these  stations  have  an  operational  range  of  less  than  3000  miles  for  single-sideband 
high-frequency  communications.  Diurnal  variations  and  other  variations  in  atmospheric  propagation 
conditions  prevent  designating  any  single  station  as  the  only  contact  point  for  specific 
reconnaissance  tracks  or  specific  operations.  Normally,  the  station  closest  to  the  departure  base 
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will  be  contacted  along  the  first  portion  of  the  track  arid  the  station  nearest  the  arrival  base  will 
be  contacted  along  the  last  portion  of  the  track.  On  long  reconnaissance  tracks  contact  nay  be  made 
with  several  different  aeronautical  stations  and  data  transmitted  by  pnone  patch  to  several  weather 
monitors. 

Radio  frequencies  available  at  each  USAF  Aeronautical  Station  are  listen  in  the  appropriate 
USAF /USh  Plight  Information  Publication,  Knroute  Supplement,  with  the  common  user  high-frequency 
radio  frequencies  falling  within  a  2.8-  to  23-MHz  range.  Higher  frequencies  (from  around  13  to  2j 
MHz)  are  used  during  the  day  and  give  ranges  of  from  30u  or  SOU  miles  to  about  2000  miles.  The 
ranges  associated  with  higher  frequencies  become  erratic  at  night  and  lower  frequencies  (3  to  9  MHz) 
are  normally  used  and  give  ranges  of  0  to  1000  miles  (3  MHz)  or  S00  to  2000  miles  (9  MHz)  (ARS, 
197b).  Frequencies  from  around  8  to  11  MHz  are  often  used  during  both  day  and  night  uepending  on 
the  actual  propagation  conditions  at  the  time. 

USAF  Aeronautical  Stations  provide  many  services  to  military  aircraft  ranging  from,  relaying 
position  reports  and  requests  for  clearances  to  handling  emergency  traffic  for  aircraft  in  distress. 
The  communications  traffic  load  is  enormous  at  times  and  is  particularly  huge  when  propagation 
conditions  are  poor  on  some  of  the  allotted  common  user  frequencies.  Weather  reconnaissance 
observations  form  only  a  small  part  of  the  traffic  handled  by  the  aeronautical  stations  on  any  given 
day.  "Discrete  frequencies"  are  sometimes  obtained  from  aeronautical  stations  for  high-priority 
weather  reconnaissance  missions  and  permit  transmission  of  weather  data  and  other  traffic  without 
much  of  the  delay  due  to  message  traffic  from  other  aircraft.  Discrete  frequencies  are  usually 
necessary  for  the  effective  transmission  of  large  volumes  of  data  on  tropical  cyclone  reconnaisance 
missions. 

Direct  phone  patch  between  the  weather  reconna i ssance  aircraft  and  the  weather  monitor  is  the 
primary  method  for  relaying  weather  observations  ana  is  generally  an  effective  means  of  rapidly 
collecting  reconnaissance  reports  and  placing  them  into  the  dedicated  weather  communications  system. 
If  propagation  conditions  are  poor  or  if  the  quality  of  the  phone  patch  is  poor  then  the  air/ground 
radio  operator  at  the  aeronautical  station  is  frequently  asked  to  copy  the  observation  and  relay  it 
by  telephone  to  the  weather  monitor. 

Weather  monitors  are  usually  located  at  a  weather  facility  in  close  proximity  to  an  aeronautical 
station  or  at  a  weather  facility  with  efficient  telephone  links  to  an  aeronautical  station.  In  most 
cases,  weather  monitor  functions  form  only  a  small  part  of  the  overall  responsibility  of  the  weather 
facility.  Frequently,  in  addition  to  their  many  other  duties,  weather  monitor  duties  arc  also 
performed  by  behino-the-counter  forecasters.  Most  weather  monitors  operate  on  a  24-hour  basis,  but 
reduced  manning  situations  have  resulted  in  less  than  24-hour  operation  at  some  locations. 

The  timeliness  of  the  data  from  weather  reconnaissance  aircraft  is  critical  to  its  effective  use 
by  tne  reconnaissance  customet .  Many  factors  affect  the  timeliness  of  the  data  but  the  principal 
delays  are  those  occurring  aboard  the  aircraft,  the  delays  associated  with  cunt,  ting  tne 
aeronautical  station,  and  the  delays  resulting  from  the  handling  of  the  oata  by  th  w.  jthr.r  monitor 
and  the  dedicated  weather  communications  system.  The  combined  effect  of  excessive  ;•  lays  at  those 
points  is  a  seriously  degraded  weather  reconnaissance  product  and  may  re:...  It  tr.  customer 
d issatisfaction  with  the  results  of  the  weather  reconnaissance  mission. 

Delays  aboard  the  aircraft  are  due  to  many  different  causes.  Failure  <  f  th.  c-i loula tor  nay 
result  in  delays  in  preparing  atmospheric  soundings.  Dropsondo  failure  .lay  ng  .m  ikiko  up  id  eases 
and  new  computations  by  both  the  ARWO  and  the  dropsondo  systui  4,01  a  •  .  i  ncooim  KK-"0 
observations  may  take  several  minutes  under  the  pressure  of  oth*-i  .itrcr*-»  r  i<  and  a  Iso  when 
weather  conditions  along  the  track  and  within  the  observation  cylinder  noun,  t:  •  cooing  of  many 
groups.  Checking  the  observations  also  causes  some  ninor  delay  in  ft  .r  u  i*  •  i:ti  .  :  v  it  lorn. 
Delays  resulting  from  radio  failure  are  rare  although  propagation  .rmti  •  id.e  <_■:  set  vat  ion 
transmission.  wC-lJOs  carry  two  high-frequency  radios  and  normally  •  1  :a*  1  nai  throughout 
the  entire  mission  although  in-flight  failure  of  both  radios  hoc.  <».  •  -or  t  •  ■ ;  •  :  c  1  .ri.il  i.  sions. 

Contacting  the  aeronautical  station  and  setting  up  the  phon.  j«jt  f  i  .,t  at  i>  •:.•  t  Ii.m«  nt 
reason  for  delayed  observation  transmission.  As  mentioned  earlier,  tfi,  '.dun,  :  it.  traffic 
handled  by  aeronautical  stations  can  he  very  large  and  weather  r«v  .uui  .  r,-  i<-»  fruim-nt  ly  ate 
third  or  fourth  in  line  waiting  for  phone  patches  whik  other  ;o::.ai.  trail  1  1  f.imbal  !  y  the 
station.  Problems  with  phone  patch  equipment  at  the  aeronautical  1  :  :  ....  at:v  •  1  :  delays. 
Delayn  occasionally  occur  when  air/ground  operators  at  tfi'  aeronautical  :  i  ,t  ion  ;  .  .:  sei  vat  i.  ric 
for  relay  and  then  become  immersed  in  higher  priority  'lime.  ]<■).. r.  r>  i  lying  i:,  :  v  re  cc. 

Data  handling  by  the  weather  monitor  and  the  dedicat'd  w  at  fret  .  gin  :  >-■!•«,.  .  mi  ,  cau,  • 
delays.  Adverse  atmosptier  ic  conditions  can  int<-rt<  r<*  with  tfi.  Hi-  run-  tr.r  e  j  1  n.  ;  weather 


monitor  has  difficulty  copying  the  observation  in  those  cases.  Further  delay  nay  be  encountered  in 
preparing  tht'  observation  tor  longline  dissemination,  and  even  then  the  nature  of  the  dedicated 
weather  communications  system  cav  cause  delays  of  several  hours  to  days  in  providing  teletype 
hardcopy  to  the  reconnaissance  "-.stoner.  Garbling  of  the  observations  requires  their  retransmission 
which  also  results  in  some  aelay. 

Current  methods  of  data  dissemination  from  weatfier  reconnaissance  aircraft  are  archaic  free  a 
technological  viewpoint  but  are  constrained  by  economic  realities  and  the  ability  of  weather 
reconnaissance  customers  to  accept  some  transn.ission  delays  and  even  partial  loss  while  utilizm; 
weather  reconnaissance  data.  The  use  ot  newer  curmun ications  methods  or  the  utilization  of  older 
but  improved  conrnun ications  systems  may  become  possible  for  weather  reconnaissance  forces  as  the 
requirement  for  high-density  data  in  remote  areas  get;  larger. 

Problems  in  Determining  the  Accuracy  of  weather  Reconnaissance _Data 

Objective  appraisals  ot  the  accuracy  of  meteorological  data  obtained  using  aircraft  systems  an 
exceptionally  hard  to  make  because  of  the  nature  of  operational  weather  reconnaissance,  weathei 
reconnaissance  operations  are  routinely  conducted  ir.to  so-called  "data-sparsn  areas"  where  nos*.  data 
consist  of  satellite  photographs,  transient  ship  leports,  and  pass  it  ly,  one  or  more  island  weather 
stations.  Cor, par  i  son  of  measured  ano  computed  atmospheric  data  trail  WC-130S  with  conventional 
upper-ait  data  obtained  by  radiosonde  is  difficult  an>i  usually  inconclusive  due  to  the  impossibility 
of  matching  the  aircraft  flight  profile  with  that  of  the  radiosonde,  the  different  methods  used  in 
computing  height  of  standard  pressure  surface  da  to,  the  use  of  different  sensors,  ana  ttv  ir  different 
accuracies,  and  the  economic  constraints  ot  performing  enough  comparisons  tr  produce  a  statistical  iy 
significant  result. 

Because  of  the  large  volume  of  upper -air  data  generated  f.y  radiosonde  :;-at  bins,  sac:  data  hav 
become  the  standard  against  wr.ich  much  of  the  data  in  weather  reconnaissance  observations  ate 
compared .  Many  attempts  have  neon  made  to  compare  data  fr-x  weather  reconnaissance  aircraft  wit.:, 
radios:  nde  data  in  the  operational  squadrons  and  at  other  levels  within  the  An  Force.  Most  cf  sue: 
efforts  have  proved  inconclusive  due  either  to  a  lack  of  enough  high-quality  oat.:-,  -r  to  the  nx,f 
basic  problems  in  attempting  to  compare  the  data  fra:  two  such  widely  different  sources. 

Part  of  the  problem  in  comparing  weather  reconnaissance  data  wit:  radiosonde  lata  aris.-s  tin 
the  inaccuracies  associated  with  the  standard  of  comparison,  th-  radiosonde.  In  Ai\S  ‘IR  c4  , 
Atkinson  (1971)  presentee  some'  data  relating  to  the  accuracy  of  upper-air  observations,  ir.  me. 
Chapter  on  analysis  in  the  tropics  (Chapter  luj.  The  root-mean-square  (rms)  errors  of  rariiosono*- 
sensors  from  various  sources  were  given  in  TR  240  as: 

Temperature  U.b  to  l.u°C 

Pressure  2  mb  (surface  to  50-mb) 

1  mb  (above  the  SU-mb  level, 

Huir.iciity  St  (temperature  alnove  u°C ) 

10t  tc  2iit  (temperature  undo:  ou. 

These  valuer  were  considered  representative  of  observations  taken  under  optimum  conditions  and  were 
not  expected  to  be  obtained  routinely  in  an  operational  radiosonde  network ,  especially  not  in  the 
remote  areas  where  reconnaissance  operations  arc-  routinely  conducted.  Atkinson  computed  p  obabie 
rms  thickness  errors  and  height  errors  resulting  from  an  rms  temp-ratui  e  error  of  l.u°C  aria  an  rrr.s 
pressure  error  of  2. u  mb.  Data  extracted  from  Atkinson's  tables  that  apply  to  the  normal  weather 
reconnaissance  operating  altitudes  are  given  in  Table  S  (Atkinson,  1971).  The  methods  us<xi  to 
compute  these  values  are  beyond  the  scope  ot  this  report  but  or-  amply  explained  in  TR  24c. 
Atkinson  further  considered  the  accuracy  of  humidity  data  and  the  accuracy  of  rawinswme-  win.; 
direction  ana  speed. 

AWS  TR  240  (Atkinson,  1971)  also  indicates  ,ame  accuracies  for  wiMther  r< vonnaissance  data  and 
gives  estimated  rms  accuracies  for  temperature,  wind,  and  C-value  observation:  as: 

Temperature  1°C 

Wind  3°  and  9  kt  for  spot 

Doppler  winds 


D- value 


25-30  m  at  S  km  increasing 
to  50-60  m  at  12  i;rr 
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.'lost  of  the  PEEK  CtfXJD  sensors  were  in  limited  use  around  the  time  of  Atkinson’s  analysis  but  it  is 
not  clear  whether  his  values  apply  to  aircraft  equipped  with  those  systems.  Atkinson  indicated  rms 
temperature  arid  pressure  accuracies  for  dropsondes  to  be  1.2°C  and  6.0  mb,  respectively,  at  the  time 
his  report  was  prepared,  ftelative-humidity  accuracies  were  more  uncertain  but  were  indicated  to  be 
at  least  10  percent  at  temperatures  above  U°C  and  15  percent  for  temperatures  between  U°C  and  -20°C. 
At  temperatures  below  -20°C  Atkinson  indicated  that  dropsonde  relative-humidity  values  were 
virtually  ’worthless.  He  indicated,  however,  that  instrument  improvements  should  make  temperature 
and  pressure  more  accurate  for  dropsondes  but  that  relative  humidity  measuranent  would  continue  to 
re  a  problem.  Again,  it  is  not  clear  from  TR  240  if  the  current  dropsonde  (the  AN/AMT-13)  was  in 
use  or  if  the  accuracies  referred  to  the  older  AN/AffT-o. 

More  recent,  estimates  of  the  accuracy  of  radiosonde  sensors  indicate  that  the  accuracy  of 
pressure  sensors  is  around  1.5  mb  and  temperature  sensors  around  0.2°C,  a  significant  increase  in 
the  accuracies  over  these  r,. ported  in  TO  240.  Estimates  of  height  of  standard  pressure  surface 
accuracy  indicate  that  accuracies  of  around  3  to  a  meters  are  possible  at  lower  levels  (650  to  7UG 
mb  I .  It  is  important  to  note  that  the  accuracies  reported  from  various  sources  have  been  estimated 
us  in]  data  from  tiaht ly-controlled  test  situations  and  are  not  representative  of  the  accuracies  that 
can  be  expected  from  operational  radiosonde  networks.  Any  comparison  of  weather  reconnaissance  data 
*ith  radiosonde  data  Iron1  an  operational  network  in  an  effort  to  determine  the  relative  accuracy  of 
weather  reconnaissance  data  must,  therefore,  be  regarded  with  a  prudent  measure  of  suspicion. 

System  Accu racy  Det e r mi na tdonr. 

As  a  result  of  concern  over  reported  inconsistencies  and  apparent  errors  in  aircraft  weather 
reconnaissance  data,  a  special  group  was  established  to  study  and  report  on  the  neeo  for 
standardizing,  calibrating,  and  recalibrating  weather  reconnaissance  instrumentation.  1o  evaluate 
the  reconnaissance  systems  in  use  by  each  weather  reconnaissance  service,  a  set  of  comparison 
flights  were  conducted  in  which  the  data  from  the  various  aircraft  could  be  compared  against  that 
from  other  aircraft  and  between  the  aircraft  involved  and  radiosondes  released  at  routine  intervals 
and  at  special  release  times.  Comparison  data  were  collected  on  2b  May  1571  with  actual  flight  test 


data  recorded  between  12022  and  2125Z.  Radiosonde  data  and  station  pressure  corrected  to  sea  level 
at  each  of  the  launch  times  were  used  as  the  basis  for  adjusting  the  aircraft  data  to  a  comi&n  time 
(all  data)  and  common  altitude  (temperature  and  dew  point  only)  for  each  set  of  observations. 
Radiosonde  data  were  obtained  at  frequent  intervals  from  Cape  Kennedy  arri  at  14002,  17002,  and  20002 
from  Miami,  Tampa,  and  Key  West  (AWS,  1971). 

Aircraft  participating  in  the  test  included:  an  AWS  WC-135B;  three  AWS  WC-130Bs;  a  U.S.  Novy 
WF-3A;  a  U.S.  Navy  WC-121N;  and  a  Research  Flight  facility  (RFF)  DC-6.  The  performance 
characteristics  of  the  aircraft  were  different  (widely  so  in  the  case  of  the  WC-135B)  and 
necessitated  considerable  coordination  of  airspace  use  near  the  comparison  points.  No  attempt  was 
made  to  adjust  individual  aircraft  locations  to  a  common  point  for  each  set  of  observations  since  it 
was  assumed  that  each  aircraft  would  be  at  some  common  intermediate  location  in  the  vicinity  of  the 
radiosonde  observation  for  each  set  of  observations.  This  assumption  was  based  on  an  expected 
homogeneous  atmosphere  withir.  the  immediate  vicinity  of  the  radiosonde  observation.  The  resulting 
data  indicated  that  this  assumption  was  reasonably  valid  for  aircraf t-to-aircraf t  comparisons  tut 
not  quite  as  valid  for  comparing  aircraft  horizontal  data  to  radiosonde  data  (AWS,  1971). 

Aircraft  flight-level  data  were  collected  in  ascending  and  descending  data  collection  patterns 
between  25  NM  and  75  Nil  northeast  of  Patrick  AFB,  Florida;  within  30  I'M  northwest  of  St  Petersburg, 
Florida;  within  apnroximately  40  NM  south  of  Ft  Myers,  Florida;  within  2o  NM  north  of  Key  West, 
Florida;  and  within  10  NM  south  of  Biscayne  Bay,  Florida.  Dropsonde  data  were  collected  within  50 
NM  northeast  of  Cape  Kennedy,  Florida;  within  30  NM  northwest  of  St  Petersburg;  and  within  20  NM 
north  of  Key  West.  Horizontal  data  were  obtained  at  altitudes  ranging  from  1110-pressure  feet  to 
2B9  mb  and  included  the  standard  1500-foot,  850-inb,  700-mJt,  50u-mb,  and  30o-mt  levels.  The  WP-3A 
and  DC-6  did  not  collect  data  above  500  mb,  the  WC-121N  did  not  collect  data  above  700  mb,  and  two 
of  the  WC-13oBs  were  running  low  on  fuel  toward  the  end  of  the  mission  and  did  not  make  as  many 
observations  as  the  other  WC-130B  and  the  WC-135B.  The  WC-135B,  the  DC-6,  and  the  three  WC-13uBs 
each  collected  three  sets  of  vertical  data  while  the  WP-3A  and  WC-121N  collected  two  sets  (AWS, 
1971)  . 

Instrumentation  aboard  the  aircraft,  equipment  calibration  procedures,  and  computational 
procedures  were  the  standard  in  use  by  each  service  at  the  time'  of  the  test.  The  instrumentation  on 
the  WC-liOBs  was  newer  and  the  1301A  was  not  used  as  a  primary  meteorological  pressure  altimeter  at 
the  time  of  the  test. 

All  aircraft  data  in  the  2b  May  1971  test  were  adjusted  to  a  common  intermediate  time 
(aoproxiroti’ly  the  r.ici-tino  )y>ta*x.<n  ur»rn?spon<ling  observations  ruoorilii  by  t : h •  first  aircraft  and 
the  last  aircraft)  bast'd  upon  txiranrtor  time  gradients  determined  fror  tin.:  nearest  radiosonde  data. 
Temperature  and  dew-point  data  were  also  adjusted  to  a  common  altitude  based  on  the  lapse  rates 
determined  from:  the  nearest  corresponding  radiosonde  data.  Interpolations  were  made  between 
successive  sets  of  radiosonde  data  to  determine  comparison  data  for  eacti  set  of  adjusted  aircraft 
data. 

The  lower  range  values  in  the  computed  range  of  variations  were  determined  by  calculating  the 
smallest  difference  between  parameters  recorded  at  a  particular  observation  location.  The  upper 
range  between  the  extreme  values  recorded  by  the  various  reconnaissance  aircraft  was  determined  by 
calculating  the  arithmetic  difference  between  the  highest  and  lowest  values  of  each  parameter 
recorded  at  a  •  '.art  i  -alar  observation  location.  Variations  of  the  rms  differences  between  the  aata 
recorded  by  an  individual  aircraft  and  the  average  of  all  aircraft  data  recorded  at  corresponding 
observation  locations  were  calculated  for  all  aircraft  and  for  each  aircraft  individually. 
Root -mean -square  variations  between  the  data  recorded  by  each  aircraft  and  the  corresponding 
radiosonde  data  were  similarly  calculated.  Tabulated  results  for  flight-level  (horizontal)  data  arc- 
presented  in  Table  6  and  results  for  vertical  data  in  Table  7  (AWS,  1971). 

Given  the  nature  of  the  test,  particularly  the  lmpossibil ity  of  locating  all  the  aircraft  and 
the  radiosonde  in  the  exact  same  point  in  the  atmosphere  at  the  exact  same  time,  the  flight-level 
temperature  data  proved  to  be  very  consistent  from  aircraft  to  aircraft  and  more  consistent  than 
expected  between  aircraft  and  radiosonde  data.  Dew-point  data  indicated  large  variations  at  times 
from  aircraft  to  aircraft  and  between  aircraft  and  radiosonde  data.  Explanations  offered  for  the 
variations  in  dew  point  include  differential  moisture  content  in  the  test  areas  (small  patches  o! 
cumulus  were  present  although  the  overall  synoptic  situation  was  relatively  stable),  observer  lack 
of  familiarity  with  the  instrument  (the  dew-point  hygrometers  were  newly  installed  on  WC-13l)Bs),  and 
instrument  failure  which  caused  one  WC-130B  to  produce  faulty  data  for  several  observations. 
Another  WC-1306  produced  obviously  faulty  data  (dew  point  higher  than  ambient  temperature)  for 
several  observations  before  the  dew-point  hygrometer  settled  down  to  produce  reasonably  valid  data 
(AV.S,  1971). 


WC-155B  666  22.8  30.2  10.4  H.5  10. 
WP-3A  674  35.0  34  N/A  M/A  M 
WO- 13  IN  929  8.2  20.3  N/A  N/A  M 
nr-6  5  39c  6.0  26.0  N/A  N/A  '1 


All  aircraft  participating  in  the  test  demonstrated  an  inability  to  measure  TAS  any  more 
accurately  than  *-5  knots  and  this  inaccuracy  had  a  direct  Lnriuenoe  on  Lira  noil  it. v  to  determine 

winds.  The  WC-135B  inaccuracy  was  particularly  marked  (+8  knots)  so  that  errors  in  TAS 
determination,  Doppler  radar  drift  angle  and  ground-speed  determinations,  and  the  uncertainty  in 
determining  aircraft  heading  could  easily  produce  the  variations  observed  in  the  resulting  data 

(AlmS,  1971)  . 

Variations  in  pressure-h  "ight  data  were  highest  in  the  lower  levels  and  smallest  in  the  upper 
levels.  The  opposite  situation  was  expected  since  the  accuracy  of  absolute  and  pressure  altimeters 
diminishes  with  altitude.  Small-scale  perturbations  in  the  lower  level  air  mass  may  have  accounted 
for  part  of  the  results.  Wider  variations  in  extrapolated  sea-level  pressures  were  experienced  than 
had  been  expected  and  some  of  the  variations  may  have  been  due  to  gradients  within  the  test  areas 
(AWS,  1971). 

The  PRT-5s  installed  on  the  WC-HOBs  were  new  equipment  during  the  test  period  and  some  observer 
or  instrument-induced  error  probably  entered  into  the  data.  The  variations  in  sea-surface 
temperature  data  were  still  greater  than  coulc  be  attributed  to  actual  differences  in  sea-surface 
temperatures  in  the  test  areas. 

Dropsonde  data  were  also  compared  with  radiosonde  data  and  the  results  tended  to  show  that 
dropsonde  temperature  variations  above  850  mb  were  within  the  specifications  of  the  instruments  used 
(AN/AMT-13  by  the  Air  Force,  AN/AMT-b  by  the  Navy,  and  AN/AMT-3  by  the  RFF) .  Dropsonde  data  at  85u 
mb  and  below  showed  large  variations  and  the  last  dropsonde  temperature  data  frem  the  WC-135B  were 
obviously  in  error,  indicating  a  malfunctioning  temperature  sensor.  Without  exception,  temperatures 
at  the  lower  levels  (850  mb  and  below)  were  significantly  lower  than  the  corresponding  radiosonde 
data.  The  most  likely  explanation  is  that  the  atmosphere  above  850  mb  was  more  homogeneous  and  that 
radiosonde  temperature  sensors  were  affected  by  the  heating  and  radiation  of  the  landmass  shortly 
after  launch  while  the  dropsonde  sensed  different  temperatures  at  the  lower  levels  due  to  different 
heating  and  radiation  effects  on  the  low-level  air  mass  over  water  (AWS,  1971). 

Large  variations  were  observed  in  dew-point  data  and  were  considered  indicative  of  the  same  type 
of  inhomogeneities  observed  in  flight-level  data.  The  variations  in  the  dropsonde  data,  however, 
were  greater  than  those  observed  for  flight-level  data. 

The  accuracy  of  dropsonde  height  of  standard  pressure  surface  and  sea-level  pressure  is 
dependent  on  "platform  data"  from  the  horizontal  systems,  dropsonde  temperatures,  and  aropsonde  dew 
points,  as  well  as  the  pressure  data  sensed  by  the  instrument.  Considering  the  variations  in 
aircraft  pressure  heights,  the  calculated  variations  in  dropsonde  pressure  heights  from  aircraft  to 
aircraft  were  small.  The  erroneous  temperature  data  from  the  last  WC-135B  dropsonde  were  evident  in 
the  variations  in  all  dropsonde  pressure  height  and  sea-level  pressure  determinations.  The  large 
variations  in  WP-3A  dropsonde  data  are  reflected  in  the  large  variations  of  the  dropsonde  7UU-mb, 
850-mb,  lUOU-mb,  and  sea-level  pressure  calculations  for  that  dropsonde.  The  UC-b  oropsondes  were 
extremely  old  (calibrated  in  1953  and  1954)  and  showed  large  variations  in  pressure  heights  at  the 
lUOU-mb  level  and  in  sea-level  pressure  (AWS,  19/1). 

The  results  of  the  28  May  1971  tests  illustrate  the  difficulty  of  making  objective  comparisons 
of  aircraft  reconnaissance  data  against  radiosonde  data.  The  sensors  aboard  the  WC-lJUs  were  new  at 
the  time  and  seme  of  the  variations  can  be  attributed  to  the  normal  problems  associated  with 
learning  to  use  new  measuring  equipment  in  any  operation.  The  tests  put  to  rest  some  of  the  ole 
questions  (although  they  cannot  tie  regarded  as  conclusive  lor  the  WC-130  fleet  out  to  improved 
sensors  and  sensor  use  since  1971),  provideo  some  first-order  approximations  to  the  accuracy  of 
weather  reconnaissance  data,  and  raised  some-  new  questions  about  the  accuracy  of  weather 
reconnaissance  sensors  and  procedures  for  their  use. 

The  problem  of  testing  WC-13U  sensors  has  always  been  constrained  by  the  economic  cost  of  flying 
missions  dedicated  to  systems  tests  alone  and  the  difficulty  of  establishing  an  objective  standaro 
to  compare  the  weather  reconnaissance  data  against.  Test;  of  most  sensor  systems  have  had  to  rely 
on  data  lcrninul  ah  ■  :  on  operational  missions  where  tin-  tost,  conditions  were  not  always  as  rigorous  as 
those  normally  expected  in  more  scientific  environment;..  Nevertheless,  in  1971,  tests  of  the  WP-13U 
dew-point  hygrometer  were  conducted  and  used  data  obtain'd  by  all  three  Wt'-l  JU  squadrons.  On 
takeoff  and  landing  roll  of  each  mission  fbiwn  over  a  t-month  per  i<xi  (February,  Maich,  and  April), 
the  AHwO  obtained  a  dew-point  reading  for  compar  ison  wit!  th.  base  watfur  station  dew  point  at  t  tie 
same  tine.  Five  hundred  fourteen  aircraft  an)  base  weather  tat  mi.  •  <mpar  isnns  wen  received  our  ino 
the  test  period.  The  range  of  differences  totweer,  aircraft  arm  wittier  st.it  urn  .lew  j>  mts  w.is  tr»i 
-5.0  to  *7.b°C.  The  distribution  of  the  difference:  i:  lives  in  bit  It  h,  inr.tr  not  in:  tti.it  i 

totter  than  normal  although  the  rms  different  e  of  tfs  ;4  .  oirpir  ist.ri:.  was  !.7H"t  . 
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TABI.K  8.  DISTRIBUTION  OF  TIIK  1)1  FFKRKNCES  BETWEEN  DEW  l'ni:;iS 
FROM  BASF.  WKATHhR  STATIONS  AND  FROM  Till-:  AN/AMQ-34. 


PERCENT  OF  THK 
COMPARISONS 

237 
36  7 
62 7 
707 
837 
867 


AMOUNT  UKJHFEER.ENCE 
0 

0.  5°C  or  loss 
1 . 0°C  or  loss 
1  .  5°C  or  loss 
2.0°C  or  loss 
2.5°C  or  loss 


Dedicated  wC-130  test  runs  were  made  in  1973  utilizing  facilities  of  the  Air  Force  Western  Test 
Range  (AEWTR)  at  Vandenberg  AFB,  California,  in  an  effort  to  confirm  the  accuracy  of  the  primary 
absolute  altimeter,  the  AN/AFN-42A.  AN/APN-42A  data  were  compared  against  absolute  aircraft 
altitude  data  obtained  from  the  AFWTR  Askania  ground  camera  stations.  The  results  of  the  test  were 
considered  as  supporting  the  accuracy  of  the  system  as  claimed  by  the  manufacturer  (+20  feet  +0.025* 
altitude) .  Further  tests  on  operational  missions  of  the  AN/ART-42A  and  three  possible  replacement 
absolute  altimeters  are  being  made  aboard  a  920  WRG  aircraft  utilizing  a  laser  altimeter  as  the 
standard  for  comparison.  The  results  of  the  tests  thus  far  appear  to  confirm  the  previously 
determined  accuracy  of  the  AN/APN-42A. 

Tests  of  the  other  SEEK  CLOUD  sensors  have  been  nade  on  operational  missions  to  confirm  the 
accuracy  and  repeatability  of  the  systems.  The  results  of  these  tests  have  been  positive  and 
indicate  that  properly  maintained  SEEK  CLOUD  sensors  operated  by  qualified  personnel  produce  data 
that  is  at  least  comparable  in  accuracy  to  that  produced  by  other  upper-air  sensor  platforms.  The 
difficulty  of  making  objective  tests  of  the  accuracy  of  SEEK  CLOUD  sensors  in  their  normal  operating 
environment  is  compounded  by  the  lack  of  suitable  standard  of  comparison  to  use  in  objectively 
evaluating  the  weather  reconnaissance  data.  As  indicated  in  the  next  section,  comparisons  with 
standard  radiosonde  data  have  often  been  less  than  satisfactory. 

The  Historical  Calibration  Program 

The  attention  given  to  the  accuracy  of  weather  reconnaissance  data  has  been  largely  focused  in 
recent  years  on  height  of  standard  pressure  surface  data.  As  indicatea  in  the  2tt  May  1971  tests, 
height  of  standard  pressure  surface  computations  vary  widely  from  aircraft  to  aircraft  and  between 
aircraft  and  radiosonde  data,  particularly  at  lower  altitudes.  The  difficulty  in  evaluating  height 
of  standard  pressure  surface  computations  is  due  in  part  to  the  use  of  two  separate  sensor  systems 
to  provide  base  data  for  the  computations. 

Height  of  standard  pressure  surface  data  are  computed  using  the  absolute  altitude  of  the 
aircraft  as  determined  by  a  radar  or  radio  altimeter  and  pressure  altitude  obtained  from  a  standard 
pressure  altimeter  or  other  pressure-sensing  device  such  as  the  13ulA  Pressure  Transducer.  The 
procedure  used  tor  computations  involves  computing  a  basic  D-value  (subtracting  pressure  altitude  at 
29.92  in.  Hg,  from  absolute  altitude),  correcting  the  D-value  for  geopotential  variation  in  absolute 
altitude  with  latitude  due  to  nonsphericity  of  the  earth,  correcting  the  D-value  for  the  assumed 
mean  virtual  temperature  in  the  thickness  layer  represented  by  the  difference  between  the  aircraft 
altitude  and  the  altitude  of  the  standard  pressure  surface,  and  extrapolating  the  resultant 
corrected  D-value  to  obtain  the  geopotential  height  of  the  standard  pressure  surface.  Sea-level 
pressure  confutations  are  similar  but  do  not  require  a  geopotential  correction. 

Height  of  standard  pressure  surface  computations  are  only  made  if  the  aircraft  is  within 
150U-pressure  feet  of  the  standard  pressure  surface  (witfiin  1500-absolute  feet  for  sea- level 
pressure  computations),  due  to  the  assumptions  inherent  in  employing  the  virtual  temperature 
correction  and  the  cumulative  effects  of  system  errors.  The  data  are  calculated  by  hand  (or  mure 
recently,  by  calculator)  for  each  observation,  recorded  on  a  worksheet,  and  encoded  in  standard 
observations. 

Since  the  majority  of  operational  meteorological  upper-air  data  is  obtained  by  radiosonde  , 
wather  reconnaissance  units  employ  a  historical  calibration  process  in  an  attempt  to  make  weather 
reconnaissance  data  compatible  with  the  standard  used  by  the  rest  of  the  meteorological  community. 
The  historical  calibration  process  involves  collecting  aircraft  data  in  close  proximity  to 
radiosonde  stations  or,  in  a  more  recent  modification  of  the-  process,  in  close  proxuni  ty  t..  sebct.xl 
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calibration  points  for  which  AFGWC  publishes  calibration  data  based  on  their  analyses  of  height 
fields.  Aircraft  data  are  compared  with  radiosonde  or  AFGWC  data  and  a  correction  is  computed  to 
account  for  any  difference.  When  a  statistically  significant  number  of  these  corrections  has  been 
determined,  they  are  averaged  to  produce  an  overall  “historical  correction"  for  the  absolute  and 
pressure  altimeter  pair.  Published  historical  corrections  are  then  used  in  computing  height  of 
stanoard  pressure  surface  and  sea-level  pressure  data  for  individual  aircraft  on  operational 
missions. 

At  first  inspection,  it  would  appear  that  a  comprehensive  historical  correction  proqt air  would 
provide  a  bias  correction  which  would  eliminate  most  of  the  differences  between  routine  upper-aii 
data  and  weather  reconnaissance  data.  Historical  corrections  do  provide  a  general  bias  correction 
that  is  useful  in  most  applications  of  the  weather  roc  .m.  a  i  o. sauce  systems  but  t  :u  t  .0  .  -1. 
correction  values  are  variable  over  short  and  long  time  periods.  The  variability  of  the  historical 
corrections  is  considered  to  result  from  several  causes  depending  upon  who  does  the  considering  aria 
is  subject  to  controversy  in  the  weather  reconnaissance  community.  'Itie  most  likely  explanation  is 
probably  an  amalgam  resulting  from  the  synthesis  of  some  of  the  current  explanations  (none  of  which 
are  pertinent  to  this  discussion  beyond  noting  the  exist, -no- of  the  problem). 

Some  meteorologists  tend  to  regard  upper-air  data  obtained  by  radiosonde  as  sacrosanct  ario 
abandon  a  little  of  their  objectivity  in  the  shear  joy  of  having  quantity  upper -air  data  availabl. 
on  a  regular  basis.  While  some  improvement  in  radiosonde  sensors  has  undoubtedly  occur  i  w  r.ino 
Atkinson's  analysis,  it  is  unlikely  that  such  sensors  have  achieved  the  kind  of  accuracy  tlui 
justifies  their  use  as  the  final  arbitor  of  weather  reconnaissance  data  accuracy.  Errors  in 
radiosonde  sensors  undoubtedly  produce  some  (and  possibly  most )  of  the  variations  observed  it,  th. 
historical  corrections  of  WC-11U  altimeter  systems. 

Height  of  standard  pressure  surface  ana  sea- level  pressure  ccmputat  ion.,  depend  heavily  «>n  •!,. 
accuracy  of  two  measured  parameters:  absolute  altitude  and  pressure  altitude  (or  ambient  ;.r  ur  ■  . 
Inaccuracies  in  the  two  measurements  are  com(  rounder  I  in  the  resulting  con.putation:'  wn..r<  they  ,r< 
used.  Precision  Measurement  Equipment  laboratory  (FMFb)  calibration:  of  ttie  liulA  Prt-ssur. 
'Iransducer  support  the  accuracy  of  properly  maintained  1  10 1 A  .  y  . t ■  -n.;; .  Most  eva luat  10ns.  t  t hi. 
AN/AFN-42  support  the  accuracy  of  that  system,  a:  installed  on  t  In  dm  aft.  Aircr  .tt 
system-produced  variations  in  historical  corrections  obtained  in  the  historical  cal  ibrat  ion  pro.-* 
must  then  be  due  to  operator  error,  errors  uu<  to  the  pitot-static  system  instal  lat  101.  <>i  th> 
meteorological  pressure  altimeters,  to  the  basic  altimetry  process.  us.v  to  •< *;(««.  fieiah*  •  I  :  tarc- 
ard  pressure  surface  data,  or  to  undetected  sensor  errors.  As  in  past  years,  the  focu:  <> I  current 
efforts  to  explain  the  observed  variations  in  historical  cor  rev  t  ion  value:  is  or.  tin  accuracy  .  I 

the  sensor  systems. 

lending  a  final  solution  to  the  problem.,  the  historical  calif. ration  pruv:  .4410.11:,  to  offer  the 
best  chance  of  making  weather  reconnaissance  he.ght  of  standard  pressur*.  surfao  am  sea-l.-vol 
pressure  data  compatible  with  tire  much  more  abur.iant  radiosonde  data.  Except  lor  o.im|intent  failure 
in  isolated  cases,  the  variability  of  historical  corrections  remains  unexplained,  particularly  th. 
variations  exper ienced  on  operations  in  areas  off  the  Ur.iteu  Stub  coast  that  .11  >  not  norn,..i 
operational  areas  for  weather  reconnaissance  aircraft. 

Sources  of  Error  in  Weather  (reconnaissance  Jiata  and  Data  Qualify  Control 

In  broad  terms,  errors  in  weather  reconnaissance  data  result  f r.u  tw.  s.  urc--.  :  fmn.an  er  roi  .me 
system  error.  System  error  is  also  regarded  a:  including  error:,  induced  in  the  oat,,  by  the  u:  •  of 
data  from  outside  sources  (such  as  radiosonde  data)  used  in  the  historical  calibration  program. 
Human  error  encompasses  errors  resulting  trim  misreading  instrument:,,  lo  cal,  ulat  ion:  ,  urn  .-nor:  11 
r.  ilizim  or  employinj  sensor  systems.  The  primary  focus,  of  th.  ogality  ■ -.intro!  pmgr  am:  cur  r  >  -r.  t  . 
in  effect  is  the  reduction  of  txith  human  ano  systen  errors,  wh.-rev.  1  [jo c..-  1  f .  1 .  . 

Ihe  WC— 130  meteorological  system  is  about  as.  f.ar,ic  an  operational  syst.Ti;  a:  c„r;  t»  ,  t  feet  iv. 
utilized  on  most  Air  Force  weather  reconnaissance  mirs.ionr..  Trie  no  ign  of  ti..-  system,  witr.  it: 
empfusir  on  operator  manual  reduction  of  primary  data  (using  (x-ncii  ,.r»,  |«[»r  or  a  calculator)  ,  1: 
well-suited  to  lorn  missions  with  observations  occurring  at  1nterv.1l:  of  ab.ut  1 NM.  '(lie  :y.  t«-n 
1:  not  wr*  l  l-suited  for  high-density  flat  a  col  loct  ion  under  advetgi  n, -teeroloqicul  a  .  |»  1  at  ion,.  1 
i-orrli  t  ions, . 

System  errors  include  everything  from  failure  of  sensoi wf.ir-l,  till  miicafe  .10  .-pt  ,.hl.  v„lu.  • 
to  tin*  more  oasic  errors,  inherent  in  the  sensor  system.:  themselves.  Mechanic.,1  pre:.sui.  alt  irw-tei  • 
(aneroid  types  such  as  the  AIMS  or  MA-1  )  are  :,ub pvt  to  many  ty|»-s.  of  etrots.  :a»-li  as  those  tes.ult  in  ; 
from  friction,  hysteresis,  temper  at  ur.  ,  readability,  zero-set  t  in: ,  an)  stat  1.  :  ystm  le.ik.ig.  .  11  w 
1  101A  is  subject  to  hysteresis  ,mo  ti’mp-rature-inctuced  error:  (ul  t  Incut,  they  an  siv.ll,  ano  1 
sensitive  to  small  tiurtuat  lonr  ir,  t  1  ight  level  that  at.  "inteorat.d  ou*  "  by  1 1..  im  *  -Fi.in  1 .  a  J  linka:. 


of  the  aneroid  altimeters.  The  200U-3  Digital  Voltmeter  is  also  subject  to  a  gradual  failure  in 
readout  capability  which  may  remain  unnoticed  in  its  early  stages  but  is  evident  in  the  rapid 
fluctuations  indicated  in  its  later  stages.  Hie  AN/AMQ-28  Total  Temperature  System  measures 
temperature  resulting  from  atmospheric  friction  as  well  as  the  ambient  atmospheric  temperature,  for 
WC-130  airspeeds,  the  friction  effect  is  negligible.  Hie  AN/AMy-34  Dew-Point  Hygrometer  produces 
errors  resulting  from  misaligned  optical  elements  or  contamination  ot  the  mirror  surface  and  may 
indicate  a  dry  atmosphere  when  the  aircraft  is  flying  through  a  cloud.  Hie  AN/AFN-42  may  exhibit 
fluctations  of  up  to  50  to  100  feet  before  complete  loss  of  reliable  altitude  indications.  Errors 
in  the  final  data  can  result  from  the  use  of  instruments  under  these  conditions  although  most  of 
these  failures  are  readily  observed  and  data  from  systems  exhibiting  these  f.u  lur>-:.  ir  u  t:  ad¬ 

mitted  from  the  aircraft. 

Human  errors  are  the  most  detectable  errors  in  weather  reconnaissance  data.  Hie  wc-1 jo 
meteorological  system  requires  a  human  operator  to  reduce  the  raw  data  to  a  torn  that  car;  u  cooed 
and  used  by  the  meteorological  conmunity.  Hie  amount  of  recording  and  con.[xjting  tlut  is  required  on 
many  reconnaissance  missions  can  be  large  at  times  ana  requires  highly  trained  arxi  competent 
personnel.  AMOs  and  dropsonde  system  operators  receive  extensive  in-unit  training  to  prepare  them 
for  their  duties  and  are  evaluated  and  reevaluated  as  to  their  ability  to  perform  those  nuties 
throughout  the  time  they  are  assigned  to  weather  reconnaissance  duty.  Most  ot  the  hunan  errors  ir, 
weather  reconnaissance  data  result  from  inexperience,  a  situation  that  is  produced  by  high  personnel 
turnover  rates  among  AH40s  and  dropsonde  system  operators  ana  by  a  lack  ot  lri-oepth  operational 
training  before  beginning  training  in  the  operational  units.  Errors  attributable  to  the  human 
element  affect  5  to  7  percent  of  the  observations  in  any  given  month  and  usually  aflect  icsr  than 
1  percent  of  all  the  encoded  groups  in  the  observations  for  the  month.  High-aensity  requirement on 
tropical  cyclone  and  special  reconnaissance  missions  usually  produce  higher  rates. 

Oiality  control  programs  have  been  designed  to  identify  errors  both  during  ana  after  operational 
missions,  lire  primary  responsibility  for  detecting  errors  during  the  mission  rests  u|ion  the  mission 
AMO  with  the  dropsonde  system  operator  having  the  responsibility  for  detection  of  errors  in  the 
reduction  of  dropsonde  data.  Every  effort  is  made  to  check  and  evaluate  reconnaissance  data  prior 
to  transmission  from  the  aircraft  and  still  provide  a  timely  product.  The  time  available  for 
checking  observations,  however,  is  a  function  of  the  required  data  density  and  the  amount  of  time 
necessary  to  encode  the  observations  as  well  as  other  operational  considerations. 

Hie  weather  monitor  shares  the  responsibility  for  checking  weather  reconnaissance  oata  during 
the  mission.  The  effectiveness  of  the  weather  monitor's  data  checking  is  a  direct  function  of  the 
monitor's  familiarity  with  the  data  format  and  his  knowledge  of  the  reconnaissance  operation.  H» 
effectiveness  of  quality  control  by  monitors  that  frequently  handle  weather  ivmm.u.s.-.  mo  data  is 
normally  very  good. 

Hie  post-mission  phase  of  quality  controlling  weather  reconnaissance  data  focuses  primarily  on 
the  detachment  level  program.  Each  unit  maintains  additional  duty  quality  control  officers  and  NO*: 
to  conduct  post-mission  evaluations  of  weather  reconnaissance  data.  Errors  are  identified, 
corrected  on  the  mission  torms,  and  brought  to  the  attention  of  the  AWvO  or  dropsonde.  system 
operator  involved.  The  operational  result  of  this  phase  of  the  quality  control  program  is  primarily 
educational  for  the  personnel  involved  so  that  future  errors  of  the  same  type  may  be  avoided. 

Hie  Iiiyact  ot  Data  Accuracy  and  Rel iabi  1  ity  on  Weather  Reconnaissance  Customers 

Air  Force  weather  reconnaissance  forces  serve  many  different  customers  with  widely  varying  aat.a 
requirements.  The  overall  impact  of  data  accuracy  is  difficult  to  assess  in  an  objective  fashion 
because  of  the  diversity  of  customer  requirements  and,  quite  often,  the  reluctance  ot  operational 
users  to  perform  objective  evaluations  of  missions  flown  in  support  of  the  customer's  requirements. 
Frequently,  the  reconnaissance  customer  merely  identifies  outstanding  or  poor  mission  performance 
and  does  not  attempt  to  provide  evaluations  of  all  the  missions  Ilown  or  to  object  ivoly  assess  Un- 
impact  of  data  accuracy  and  ava llabil l ty  on  the  customer's  operation.  Over  the  past  2  or  3  years  a 
small  amount  of  effort  has  been  generated  in  an  attempt  to  objectively  evaluate  tin  contribution 
made  by  the  weather  reconnaissance  forces  to  the  operations  ot  various  customer:..  Some  of  these 
assessments  have  provided  the  basis  for  planned  system  improvements  or  ptopor.ils  lot  totally  new 
weather  reconnaissance  systems. 

.'MVW  illles  Weather  r> -f  tonal  •  i.ll.i  :  .t\»  111.  l  -  i  on  Al'-l-.i'  HE  >;  jr  1 1  - 1  •  1  ,n. .  .l  Well  ,L  ill. i  th  it 

h.v.c-  I'11'!!  :>r>  !u.i  i  let  other  aiTn-r,.  In  .lddi'ion  •.>  •  |  j  jt  i  >  -  1 1  ■  1  wiri-r  ,  ,\! '  IV  ’  itili/.-;-.  mi  ;ht 
standard  nrennn-  s  iri'ao-  data  in  it-;  dr-ivc  :itwi-ls.  In  .in  Ain't:*  la  a.  e-.n  1  an  t  i  ot  i  ■.!  th<  n  -  lt . ■ 
n*!'!!  I'tllit.;  lot  .absolute  alt  ltu.il-  ri'.t  un  •men* ,  Al'ilVt'  ttidieab-l  tha'  vr.t  emit  l .  •  -  n  i  >  i  a;  erinrr.  v*  )- 
no*  h  an  1 1  <  •  1  we  1 1  ; .  -  the-  Al\h  '  ‘ri  rii  t  t  o  -  l-i ;  -  ia?  l  on  t  Ai."  7  'I  a  ’-V ,  if  I  t:  id  1 1  jat  ea  1  1 1  .t  at  i  oti  >!  at  t  et . 1 1  * 

sot's  V.-.L-.  Kurirt.nit  lot  tji.it  n-iuon.  V-'W'  also  indimtr  I  that  noi:;.-  .•rn,t:t  w. -n •  |int*ly  •  •< :  o' 
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Ihe  "brcad-ame-l  at  l* -i  ”  mission  '>1  tin  weather  nmnn  :i  sane,  squ.idr.tis  1:.  tn.:  icu.  ...  .  =  .r n ■ 
r e-coma  1  s ounce .  the  United  i’.tute-'  it;  he  tot  u-ai  P.  t!:«  orl,  :.ut  ion  ir.  th*  wot  is  that  lies  i  hi:  ■ 
weather  r  eoormu i s&UK'c  ■’  ic.:  ;•>:*.•  i < >  locate  ana  bum  ur  >  th*  )■;*.!, ;at>  of  troj  leaf  cyclori-s.  A i :  i-  i  t 
WC‘~-l.|e  squadron:  provide  the  ,,ij 1  •  |iih"i  -!  r  hut  1  .LSir.ltai  lur:  *  fort.  !hi  Mpuct  -  t  t  S<  ut  a 

,  f  weather  reconnaissance  .lata  •  *i.  tropical  cyclone  r  *-i -urinal  s:;unce  n  l  lor-  ’.a  r'.i'ivn:  a 
amount  or  at  tent, lor.  in  th*-  pa.;'  y*-at:  . 


In  Auoust  1W!>  th*  U. Ik -pur  truest  u f  i  .m-ri’*.-  (I**  >  pm  ar.  **vu  I  uat  u  >:•:  »:.* 

effectiveness  st  weather  i  •  c.-nnai  nance  a-  curiar**!  with  mUii-i  element  o  th*  t.ui r  icahv  warning 
system  (  ■  :  utellit,  sy  t •  in:  i  UxC,  I'*  ,).  I-  r**i\»st:;  tropical  cyclon*  m-vc  lufJiier.l  ..s  : 
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report 

lridieatod  that. 

over  1  s 

percent  . -t  tf.f  r  in*  t.h*-  i  uini*-  i : ;  stt  yl.  er.t  incite:  <1  l:uri  ical.tt»  rude  lt<*.  Satellite  photograph?; 
was  qreate:  th.m  poy  or  miss  on*  cm  i  er*t  :*  t*.  nsity  uuir.i/ei  (C.  1.  nuiiiter)  which,  tor  a  strum) 

t  urri  in*  ,  cot  responds  to  ar-.uno  *«>  nr  -  l  pr*-:'..ur-  ,  >U  Knots  ot  wine,  and  s  to  Id  foot  in  sturtr 
,ur  i*.  .  Measui  eiii-nt  *t  th'  .ctemnh  -  t  i  •  urr  i.\i.e-  Is,  Satellite  alone  was  not  cousin-  nil  accurate 
enough  toi  w-irsl:*!  |«n  p*.fte  ;  (•**  ,  . 

th*  report  turthei  cn..  hrl*  i  that  th*  po:  it  i*,n:  at  liut  t  icanes  within  (jUU  miles  ot  landfall  as 

.ic  t  -r-:  1'iic.  l.y  reconn.u  ..  use*  -lr  talt  wt.-*-  *-•>  to  ,>u  percent  more  accurate  than  those  interpreted 

from  tlx-  then-current  -it  1  •  n*  i.-'o.  Tf  i*  s*-aso;.al  aver  age  position  error  for  aircraft  was  between 
la  ami  2u  NK  whii  * r n-  sum  i  i  ;ur<  t..i  satellites  wa.  around  30  Nt,.  The  accuracy  uf  satellite 

loc.it  mn:  ,  how  vi  ,  1 1  ic  r  easnxl  signit  icant  iy  for  a  strum;  hurricane  with  a  well-defined  eye. 
forecast  models  ar-  v>  i  ,  -ns it  i v*-  t  initial  -:rit  let.  whict  is  a  function  ol  errors  in  tin-  initial 
f <>!-.! lion.  forecast:;  i *asod  *.r  not  i  r.r,  o-  t*  i.i  r.m  i.y  w> cither  reconnaissance  aircraft  were  expected  to 
t*  :  i*»-riut  ti  ttioc-i  hus-e  on  ;  . t  drain:  arm  t In  report  concluded  that  tin  net  difference 

would  result  in  a  .'0  c  rcent  sect-  as  is  *  r,<  extent  of  coastal  hurricane  warnings  with  a  potential 
annual  uvum-  tu  pi.  toredn*.  n  c**.  *  •-!  J.out  il«  nilliuii  tier  year.  The  more  accurate  inputs  from 
an  .MuhS-tyi*-  s,y  turn  w  !•!  furtli-r  an  i*-'.  :  th*  -  xt-st  ol  coast.u  wuirnriu  necessary  to  the-  point  that, 
t  *.*■  c.  >.tt  ol  inst  rui.v -i  *- 1  rm  th*  w*.ith>i  u>  mwi  i  :.  in- *  t  U-.-t  wit!  .*  n<-w  syst.en  couls  cuncoival  ly  ;« 
.-xvovered  in  1  t*>  »  .  ur  lav-ii  os  t|i\-r*-,i:»tl  pt  ■  i-u  <  -  in*  s:  i:*i  hi  alone  (|jt «  ,  1  . 

•the  last  conclusion  e:  •. ar.-l ishoi  n  the  r * -p*  t  •  was  tfut  nuiwr  real  hur r  icon*  notk-lr.  ant icijA.it  «i 
lor  the  late  ls-x-s  will  r-quir-  AWH.  -t  yp»  1 1  .*  .,  huh  den:  lty)  uata  for  in  1 1  la  1 1  /at  ion.  Cut  rot  * 
SI  IKK  f  M  i  ,!,j|)  ttystufir  ar  •  -  nor  .-a;  uhle  si  piovinmi  uuulit.  data  in  th*  quantities  requited  lor  the 

i  ewer  nunierical  loreca:  t  mi  nmd'ls.  Th*  i.-jxirt  r  ecoiTmeii.  ie*i  maintainint)  an  aircraft  we.itfier 
ri.\  onnaissance  ptmirau,  iristr  unv  nt  i  rq  wr-athei  n-connai- s.ince  aircraft  with  a  syrtm  tti.it  fiat 

equivalent  AhhJ  cafxihi  1  lty,  .mu  i  ot  in  mg  the  iiyorak  tecl.mqu*  for  use  on  :  tromer  hurt  icanes  and 
testing  it  on  r  apioly  d->i--pr.-r.ir»}  .tutas  (U<  ,  1V7  >; .  In  a  ievi-w  of  th*-  /VI  hoc  iomnitte.  repsrt,  The 
National  A  .aieir.y  of  Sitierice  upport.-u  trie  conclusions  atRl  i  ecunui'endat  ions  ol  tin  final  refiort. 

In  U*c*jnbor  l  y  7  fo ,  AWf.  *-r,t  ihl  lsne*  i  lor  MA<  a  "Required  Operational  Capal  i  1  lty  (nr  )  for  Improved 
Weather  m  connaissance"  dix-uer  nl  wtiu:h  -iel  ir.eate-if  four  ar <-as  in  wtnct.  tfie  current  w-.ither 
reconna  is  narco  systen.  is.  .  *nr.  id*  r '<i  ucf  icient : 

a.  ;  i. it .i  ■  i  :  .  1 1 .  :  i  •  ji  -  i  p.  -i.  ;orn  is-  nut  si!  :  l ci*  -nt  ly  , iccur.  it .  to  ;  i  -  t  on  -s'  :  -  m  ■■  si.  t  i 1 1- : 

r  equ  1 1  on.  -nt  s  stat«»l  in  inter  ii'-m  ..  *;i-  r:t  am!  hav*  even  greater  sluirtfalls  wit,,  respit  to 
iwotim)  the  requiresn»>nts  lot  driving  tire  numot  ical  models  developed  lor  typheon  aim  hurt  lean*- 
fort  cast  urj . 

h.  'ihe  manual  data  pnv-essing  t*chi  ique  cannot  |  ro’vii  tfie  volume,  t  im*  1  mens,  and  r*  1  lal  ility 
of  data  neerfed  for  eurrent  requirement!;. 

c.  ’Ihe  present  navigat  ion  i  -apat  ility  doer,  not  provid*  tin.  r*quiri-il  aci-utacy  lot  Pacation  of  i-yi- 
centers,  maximum  wind  hands,  and  other  significant  Ieaiur*-s  ol  tropical  cyclon*  n. 

o.  ten  ro  log  ical  iquiptnfiit  rrliafaiity  i:  not  ad*quat<-.  -lh*  KAC/Arc  ul.s*  rvut  ion  1  valuut  urn 

reports  from  the  41  HwKh  show  tfiat  annually  4Z  f* -rcent  of  th*-  ol  .nerv.it  ion:  f  r<«.  cont  en,tiot  ai  y  WC -1  iu: 
-ire  ta'.r.n  with  one  or  more  of  t.h*  m*ijoi  nr-t'-orolo<iic,il  cun  |  r  n.ent  iik*|«  i  at  ive. 
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•  •I  tot  is  tin-  squat  toot  nt  the  sun  ot  the  square:  ot  the  rms  errors  cue  to  pressure  altitude  and 

il.sol.ite  altitude  measurements.  It  the  iiunuf  act  ut  er  *s  accuracies  given  in  table  y  •  i  the  ldUlA  and 
tr.e  AN/AIV*42A  are  ased,  then  tin  rms-he ight  error:  out  to  sensor  error  at  various  levels  are  given 
in  !  ir  1  11. 

!'  is  hr  let  ix.rcise  ,nvs  little  lore  titan  .live  a  rough  approximation  to  the  accuracy  of  height 
ot  st.iixiui  :  pres:  ur--  fiitlav  o»  ternunat  nm.  fr.n:  the  aircratt.  the  process  of  computing  height  of 
•ui  t  >ce  iota  involves  ■  •:< t  rap  l  it  inq  D-valu*'  data  when  the  arcratt  is  not  exactly  on  the  standard 
pi'  vur.'  surf. we  aril  ala  >  ..-no:  or  ttx  historical  correction  process  which  attempts  to  make  the 
nreritt  data  coir  pit  itle  witn  starxiar  :  u|i>  r-air  data  obtained  by  radiosonde.  Current  estimates  of 
tr.e  accuracy  of  height  ot  starxiar  i  pressure  surface  data  from  weather  reconnaissance  aircraft 
indicate  that  accuracies  it  witln:  i  meters  can  tie  expected  at  and  below  700  mb  and  that  accuracies 
ot  witrnri  in  ii*- 1  *  t ; .  can  f«  laiivtm  aliiive  the  700  -mb  level.  D-value  caiputations  can  be  expected  to 
'  ..iV’  l  me  occur acies. 

.tie  accuracy  ot  1 1  iat  t - ic-. *  ;  xiim  m: oui.at ion  is  dependent  on  noth  the  accuracy  of  the  Doppler 
:  aii  it  y:  tan  ar»i  • :  -.ill  .  a  th.  navigator  ut  AWvi.  in  using  it  to  compute  the  wind.  The  general 
i  c  .k  .  of  ■  1  ig:  •  le-cd  w  i  r ..  i  -  re.ia  t*<t  ft  ir  reoonnai  usance  aircratt  is  within  b  knots  of  speed  ana 
.  tear  •  t  i.r>-  ■  :'ii,.  sir  i..f  u  :  it  i  n,  information  is  dependent  on  navigator  skill  and  the 
iv.iil  i:  :  1  1 1 y  t  ii.iv in  -.t  i  no ,  ,i  r  .  Ivisiin  n  accuracy  over  the  open  ocean  ranges  from  around  3  NM  to 

ui  h  ,  1  NM  .:■•  iris'  mo"  .  ; v  uirerve.  ,  t  position  errors  as  high  is  60  NM  have  been 

>;  i'iv»«t  in  cxtienx  ca.  wit:,  newly  .lull  it  led  navigators  in  areas  with  poor  navigational  aids. 

mil  ,  Ci.  |i  ‘din  ngir  '■<!  is  w.i'fii'i  r  "■  onna  i  ssanco  operations  are  considered  accurate  to 
within  lu  's  lb  NM  iixl  ai:  t  •  i*  :t"<:  I  tie  mar  tei.th  of  a  degree.  New  Omega  navigation  systems 
ci  '  il..»t  is  mi  -.Hr  ,ii  ■  <  x; « ■  'm  to  (  i  «iu'>-  .  -  '  g-NM  position  accuracies. 

.•  i-  •  •  iv  tier,'.  i  i  ■  ,  o'  t  rf.it  in  i  rei  .  s.ai  since  .«  :  ervat  ions  are  vulnerable  to  variations 

i  i.  nr  it-,  ■  tt,.  kill  ,r»i  i;  little:  <,(  tf<  individual  AMvU:  .  In  general ,  the 

i.  ■  i.y  l  .I  |.  t:v.  ci  ,  i'.ei  r:  o',  i:  con  iiieieu  |.  i  <  wi  II  within  the  limits  imposed  ly  the 

■  :  i  i  '  i  r»i  cr  l  *  ■  :  .  u  ,  n  t '  ■  Ki  r  -  xie . 

Dio;r:er«i.  I  '  i  ,  a  ren.  r  al  .'/  !«•  on.iiiiiii  i  .  a  a* .  t  within  c  ni-  of  pressure  at  Sea  level  and 
i  |  ,  [i  •(.,.!  ,•  .  »  •  n  •  i  J  i  r  e|,ii.ent  ha:  t  -xiucixi  tin  inaccuracy  ot  lew-point  data  but 

•  le  ,K'C  .1  ay  Ida  to  •  •  rx  *  i"  •  I  i.ll  o  .it  this  wt  It  i:»:. 

Of  K  1  ‘  I  '  II 

.[«.  ui  i  I  c,  le;  I  ;eti['i:  ic:  ai  s.  1  .te  :v  !n  >XVu  r  ,1C  1  f :  i  r  rma  1  n  with  tile  wf.it  hit 

. .  , -  ■  f  .  ' .  - 1  :  i f  i  r>  i  iel  it  i  v  .n  u  ir  ac  lei.  r  t  *qu  1  r  »*:  ■  cmgxir  l  ng  .iircruft  data  with  a 

,  i  ,i  1  a  ,  (j  i  •  I,.,1  i,«:i  «i.  lit. i,  .  j ;  lent  c  and.,1 ,  1:  ■  . iscept.il  .b  to  conr.idei.il  le  otror  in 

,  ,i  ;  .  i  r  r  c  •  .1  t.n  i  ;i»'  f .  ,r  it  *  iiri  t  1  r»i  t  .  tori'-  rlata  ci«t.(«it  it  illty  t  hro  igl: 

I  t  r  1  I  .  1  I|  t  I"  t  I  '  (X  •  e  |  c  '  ■  1  1  W.  :  '..Ill  1  !..  di'il  If  of  k'C  "S.S  ill  U  1  till  'Ml  to  til'' 

, 1,1  t  .  ,(.[»•  ,i,  i.c  ..  .  »r»  i  lit  I  i.  ult,.  in  assurin'  that  tin  .ill  no:  ■  tin 

.  |  [  ,  ,it  ■  i  i  ■  i  at  .  •  n  .  r  i  ■  as  •  h-  .  i;o  i  „  *  •  :  1 ;  M  n  nil  I  y  tin  ijlli.riimli  .  M.  1  c  ■  dot  a  I  1  in 

..  t  :.f  t  mil.,  :'  ■  fin;  or  1|  I  1  1 ,  urn  ttx  et  I  i  oni  y  ot  t  tn  rt  ikjI  cinctin 

.  ,  . ,,  f  im»..iiv  il  :  i  -•  'in:  ir  •  1  i  ■  irr  «*  ini  -it  ct  I'.ely. 


chapter  6 


I’kOPlCAL  CYCLONL  KKCONNAISSANCi:  AND  KfcCGNNAISSANCD  F(Jt\  SHlCIAL  CUSTUKtRs 


Weather  reconnaissance  missions  are  flown  for  many  different  military  anti  government  ager-oiei. 
anti  are  widely  varied  in  the  requirements  for  data  and  overall  conduct  of  the  mission  or  set  .A 
missions.  Some  missions  require  very  little  acquisition  of  meteorological  data  ana  are  rev end  t 
scope  of  this  report.  Similarly,  some  missions  provide  little  data  for  highly  special  1 /oi  ._rx: 
sometimes  classified  support  activities  ana  are  also  not  considered  here,  Typical  routine  wvatn-.r 
reconnaissance  operations  are  probably  best  illustrated  by  considering  the  tropical  cyclone  xissinn, 
missions  flown  in  support  of  AtGWC,  tactical  support  inissions,  and  hast  Coast  winter-star:  it  iso  ions. 

Tropical  Cyclone  keconnaissance 

One  of  the  Air  Force's  largest  continuing  humanitarian  missions  involves  locating  unci  tracking 
tropical  cyclones  in  support  of  hurricane  ana  typhoon  warning  centers.  The  Air  Force  provi-ues  the 
major  portion  of  the  reconnaissance  etiort  in  ttie  Atlantic,  Caribbean,  Gulf  of  Mexico,  and  Last'  -rn 
Pacific  areas  and  all  of  the  routine  tropical  cyclone  reconnaissance  effort  in  the  Central  ana 
western  Pacific  areas.  Historically,  the  Oniteu  States  is  the  only  nation  in  the  world  to  provide 
aircraft  reconnaissance  of  tropical  cyclones  on  a  routine  basis.  Aircraft  reconnaissance  of 
tropical  cyclones  is  an  expensive  undertaking  and  one  best  assumed  by  a  relatively  affluent  nation. 
With  the  cutback  in  weather  reconnaissance  strength  in  the  Western  Pacific  at  least  part  of  th- 
aircraft  reconnaissance  effort  is  expected  to  he  assumed  lay  other  nations  but  the  economies  of  wet 
of  the  smaller  nations  border ing  the  Caribbean  and  Gulf  of  Mexico  areas  would  probably  support  only 
a  token  ana  largely  inadequate  reconnaissance  effort,  the  United  States  is  expected  to  continue  to 
provide  as  large  an  aircraft  reconnaissance  effort  as  is  required  to  provide  effective  anri  timely 
warning  of  the  approach  of  destructive  storms. 

Air  Puree  tropical  cyclone  maonna issanco  missions  are  flown  tor  the  National  Hurricane  tighter 
(-;iic),  coral  allies,  Florida  in  the  Atlantic  Ocean,  Caribbean  Sea,  and  Gulf  of  Mexico  areas.  V.is- 
su>ns  are  also  flown  for  the  Pastern  and  Central  Pacific  Hurricane  Center  {iil’HCi ,  Kodwcxx:  City, 
California  arid  the  Central  Pacific  Hurricane  Center  ((TIC) ,  Honolulu,  Hawaii.  Western  i’aci ;  ic  U’>:- 
ical  cyclone  missions  arc  flown  for  the  .Joint  T/olioon  Warning  Center  UTVIC)  which  is  colocate,:  with 
file  rivet  Weather  Central,  Nimitz  Hill,  Guam  .and  is  jointly  manned  by  Air  Force  and  Wavy  '.a-atii,  r 
'.x-rsonnel  (AWS,  ID 77b) .  These  agencies  collect  data  from  weather  reconnaissance  missions  and  racy 
other  sources  in  forecasting  tiie  intensity  and  movement  of  tropical  cyclones. 

a.  ComiTfents  on  Tropical  Cyclone  Classification  ana  Structure.  AivS  Th  24u  (Atkinson,  W ?  1  • 
punts  out  that  the  term  "tropical  cyclone"  is  interpreted  in  various  ways  and  that  the 
classification  of  tropical  cyclones  into  categories  by  intensity  is  subject  to  consider.!  le 
variation  around  the  world.  The  U.S.  Department  of  Commerce  (1977),  defines  a  tropical  cyclone  i:  a 
"nonfrontul  lew  pressure  system  of  synoptic  scale  developing  over  tropical  or  subtropical  waters  ut. 
having  definite  organized  circulation."  The  National  Hurricane  Operation  Plan  (NHOt )  classifies 
tropical  cyclones  into  three  intensity  categories: 

*(1)  TROPICAL  DEPRESSION.  A  tropical  cyclone  in  which  the  maximum  sustained  rurtacc  win: 
(1-minuto  mean)  is  33  knots  or  less. 

"  (Z)  TROPICAL  STURM.  A  wam-core-  tropical  cyclone  in  wtiich  the  maximum  sustain**:  ear  f  jo  w  ind 
(1-ir.inute  mean)  ranges  from  34  to  63  knots  inclusive. 

"  (  i)  ! HI RR1CANK/TY PHOON.  .A  warm-cort'  tro  deal  cyclone*  in  which  tiie  tnximiri  sast  aine.i  ...ii  fin 
wind'  (l-minuto  mean)  is  64  knots  or  greater."  (DOC,  1977). 

These  intensity  categories  are  used  (y  Air  Force  weather  reconnaissance  unite  aivi  civil  l  at  ,.n.! 
military  warning  agencies  in  both  the  Atlantic  and  Pacific  ami  in  the  Caribbean  S-  a  ami  dill  -t 
Mexico  area::. 


The  t<  rm  "warm-core"  in  the  NMGl  intensities  indicates  that  th»  moi  •  ,n  :  i  act  i .  ■  •  i  ■:  i  ,1 

cyclones  are  want-core-  lows  with-  maximum  winds  near  the  surface  ami  .Increasing  syst •«.  le-t-i.  it,  wit. 
height.  As  tii--  tern  impl  i<-s,  warm -cor-  tropical  cyclones  have  warmer  ten  pet  uim-.s  -it  i  (-•  ■  •  i.t-  i  f 
th-*  cyclone  than  in  the  outer  mart  ion.  The  ;.rin,uiy  energy  sourv  b-t  tropical  eb-n-e  i  tn- 
i  -lease  if  latent  heat  ->f  condensation,  mainly  in  th-  wall  dour)  and  spiral  rom-t.ii;  1  st  :  .  ••  .-. 

Tlv  ,:.ai  nt'-nance-  of  wain-  Unger  utur--:  at  tin  cent*  t  ml  such  systems  d-p-nds  >-n  tin  ■  ad  nt  n  o  -  !  it 
ami  moi.f  ar--  to  the  low-level  air  as  it  spirals  inward  so  that  th-  adiobat  i-  coolnn  c.i  ,  •<:  i  . 

- 1-  -  r  ear  1  a  pr-ssur-.s  r  cor-ix-nsatmt  I  •  >  r  inn  with  the  :  -  :  ul  t  that  sea-love]  t  -  it  [ « -  r  it.it-  e  i-v  m. 
nearly  isothermal .  Wh-*n  warm-core  tropical  cyclone.;  move  ov--i  cooler  nur/.v-s,  ft--  i  ;  t;-t  -,i 


.XL 


Lea 


>-  --  e 


r.  Methods  1.1I  I,. -eating  1 1 !•.-  Tropical  Cyclone-  tenter  Cint  Hcconr.ji. seance-  fix,.  \ 
■  j-cti-.v  of  ti  :  if-il  cyclone  reconnn  ics.ario  is  th--  location  4  the-  center  of  rs- 
ii-  i'.i  t  ot  eye  1  >i.i  ..  nt .  i  i.  ijoniully  aiaut  i.-y  Ilyin.,  the  aircraft  it  t--  tv-  >'■  i. 

c,  cidiie  usiiii  AN  Al-t.-w  im.ua  c  ,  visual  scanning  ol  r,  jr  face-  winds,  Doppler  !  1 1  ir.t-ie-v--  1 

•  i.ii  ,  t  r  ■  >ir  in  i  c  i  s- -nt  a!  Mel- -or  c  1  o ,  ic  al  ;>y:.  tel!  .  Klyinj  t-;  Hie-  cent  -i  A  tv  trmpi-mi 
te  j.  .:  -n-_-tr.it  ion"  inn  lu-jt  m:  the  center  l.y  p.-netrat  inn  as  _■  "ve-i  to-x  fix." 

. » :  1 1  i  ne  , ,i  -  t  i  ;i.  i  >  >  r i  not  n  r  .  n  1-  ana  ,  "ruuat  fix"  cf  tin.-  troi.icaj  cvcion-  l.  it  tv; 


In  n -t-  n,  min;  t  tv  venter  >4  o  eye  Ion.  -  sever  u!  factor;  a.uot  tv..-  cor.siaerc-v.  :  t  i  .  t  ..r-- 

•!  |  :  .1  eye  i  .r.i..-.-  or.  vai  /  consider  aid y  trail  cyclone  to  cyclone  ana  Iron  on-.-  t  l  .no-  to  to-  text 

individual  c  ,c!-  "Center;:"  i.as.n  a.  individual  parameters  such  .j>:  pressure-,  toi;,p:-i it  -t  -  ,  t: 

t-  x;v!.t  K  *ir.-:  c-  .-.t  i  ,  .mu  visual  ina  r  jtn.it  .'-.-nt-  t  :  ,’..ay  r.ot  coinci.iv  at  x. -tly  t : :  or  -  -  s  :  o  - 

1. .cut  ion.  '!*.*  "'lit"  c,t  tile  cycim.  ■  .my  at  :  that  the  sjrtace  am  upper- level  c-mtei  c  ■. :  -  : :  ,  y,  1  a  ' 
r !  1  ;  y  .:  .me:  ,c.  f-n::  of  vile:  .  Th-  centers  ol  tropical  cyclone.-:  are  roietfeo  f 
"v-:rtic  s"  ir.  c.jseo  .im  the  NIHjI  gives  the  priority  ol  vortex  location  fro.i  si  sheet  t.  low.: 

a  :  ,.t  c  -it-  x ,  wi  mi  v  rf-.x,  cioud  vortex,  and  radar  eye  . 

The-  lo.-i.-v  -1  vottex  -4  a  t  r  ■  -f  lCil  cyclone-  is  norn.al  ly  located  either  visually  ( t  roc  r.i 

asp-  it  .me-  -if  ocean  surf  ace  at  vi  ..-.trlac*.  virus)  or  f.y  finding  the  tiniir-ui::  ::.e  u-le-vel  ore.cmt-  ; 

the  penetration  is  node  at  1  juu  foot  or  l.olowi .  L'o;x.-r-level  centers,  if  locates,  are-  r-.a,rt- 
relative  to  t.-ie  lw-lvel  ®t  te-x.  '.then  t.de  location  of  the  low-level  vortex  cat  .not  oe  m;l-.  -tv 

el  se  it mt  ion  i,\  cloud  or  at  n ight  -.a'  ouv  to  ,p:-r at  ional  constraints,  trie-  7uu-ai  vortex  j*  1  oca  tern  a: 

repart 

The  relatively  flat  ;.r-.s;.;,r -.-  jtvt  t-.j: i  at  at  ■  iraui-  nt..  associat-jd  wit.-,  the  o-ariy  Jeve-i  a;.;; e:.t 
a  tropical  eye  lone  -at  with  .mrs.  tropical  -  it  si  ^ri.ances  that  do  net  develop  :,eyonn  tr.at  stage  ::  a- 

locating  a  pressure-  .t  tor, p  ratal  ■  ct  nt-  r  a  r .  difficult.  In  such  cane.-:,  a  -a  tr  ic  wu.a  C‘-.t. 
:-.a..  he  iietor,:  mod  ar>i  reported,  or,  n  tr.-  :  f  mid  sjrroumUnj  the  center  is  n-.t  »:li-u-a!  iite  -ai 
the  cloud  *  1-.  i  ;  is,  tee  cloud  v-.rt-x  :.a .  ■  m  :  •  >r  r  e.  r  1 1  n  y  purjjo::r;3.  In  all  -as.:,  the-  priori 

asoi  m  lix’.-it  ini)  am  a-a.rtmj  trie  vortex  l.  tr.  c  jf.ii-.jrn/.i  1  tf.e  MiGP. 

hv-.iy  .-.our  .-  -4  i:.;  -i  rati,  r,  .raail.a  i--  t-  -  t.r ,-  oi-t  a .  an.:  navi.jatr'  is  u :  *  *  -  i  ic  l.-catinj  t-.*  tror.K.-,: 
cyclone-  vortex.  constant  con.ar :  aaia  or  !  1  i  j.-.t  lev-.  1  -n:  surface  vim  direction  wit.:,  aircrat 

heaii-io  1:.  lad-  t„;  a:::,ur  t..,P.  "t:--  1-  f  t  *i:vj  stays  mt.  tdae-  win.  i"  sr,  tr.at,  within  -an  ,«e  j: 

acce.  tarale-  1  i  a  it  ,  uirect  tlrji.t  t-  to-,  l. clone-  center  i:-:  pass  ml-. .  ‘Ine  raaar  pr-.-se-r.  tat  l-ar.  of  r  l 
-asio  i.  un-s-"  r  to  .rot-  i  t  i:.-'-  to*.-  .a  i  t  axiso:  l,.-..-atmr.  -.4.  to*,  e-ycl  n,  ce-nt-ar.  'Itie-  r  auar  "  eae "  i.,t..i' 
trot:  cyclon.es  with  *'l  l-,ie  v-.l-  >:  <ei  wjll-clou.1  Structure;:  .-aae-.-s  the  location  A  tin-  general  center  a 
tn-  (Cyclone  uL-.-iou..  unless  t.-  t  corn  i  tacec-a  r-y  attenuatior.  fra;  ne  .vy  sonv-.-ctive  ^ctivit 
cei.-.-r  ai  ly  assic  i  at -ai  with  such  cyclones.  At  a  constant-pressure-  altituuc,  the-  ji-solut-a  altitaoe 
t.c  air.'i.-.if-  :  ‘  1  owe- 1  ,  .rarheoly  so  (  ,r  i.-at*  r.se  cyclone-;:,  .a :  fa.  r-e-nte-r  is  aai.t'  iach-.-c 

h cv.pr.iturr-  increast-ss  witr.  the-  t, axioms  t.ai.paimt ore  jraoie-nt  occur rmj  ... L  or  neat'  the  wal  1-clot 
struct or--.  -s-jrf..ce  ar.t.  f  1  ijht- level  winds  are  continuously  inonitored  (surface-  winns  wi.er.  .i.o:.l-. : 
ii'.cte-.'i;"-.-  towur-s  the  cyclone-  center ,  and  fall  of  I  sharply  as  the  cyclone  center  is  p.-ne  tr  atm.  AI 
1  -  mfori'at  l -..u  avail  at  L-a  is  sot  .a  m-:-i  oj  re-p.at.mly  throualw-jt  t.i,-  location  pr  .ce,-:::.  as-  rvatrar 
arc  fit-n  an!  r-.-emreied  tor  tran.se  is.-,  mn  or  1  ar  later  use  in  report  ini  tic.  roconn-jin.-mnc.  fix. 
in-fi  i  if.t  aiv.dc-i.:  of  i.lott-c.  oixn.  rvat  loftr  is  nor  rally  maintained  a.-  an  aid  for  l.x-atin-j  the-  .era- 
am  se--;p-io:  truce  of  cyclone  mc-jr-  :  am  , level. -pnen.t  durini  the  T-msi.-n. 

c.  KL-connaissancc-  l-light  Patterns.  In  audition  to  locatin;  t:c  tiop  ic -.1  cyci.-ia  nt-  r 
r  e-uir  tin;  its  characteristics,  observations  ar-'  tads-  on  fliji.t  pat.t-.-rn:;  in  the  eye  Ion-  f  v.-ui:ur 
V-.  mt-  -.city  ar  u  hiistr  ibut  ion  of  rliyht  level  and  nurf.ic'-  win  ip  ,  »•.  i--.,  u-  -  .  i  ;t,t  :  t:  „:  k:.  ;  i 

or  -ss  :r -.  sir  face  ot  sea-level  pressure-  profile-..,  am  to  d-  tr-tvin-  t-.-n-p -i  mimr  •  am  .i-w-p:i:;t  m  cii-.- 
m  t !  -  cyclone.  The  flight  pattern.--  reoui  ree.  under  th»-  ;,)|;.t-  r-.muir-  tr..  laij.ct  ir-  cr.t  4 
j-ithe-rinj  of  all  the  current  tropical  cyclone  flight  pattern-:,  'll.-  pri.mr.  1  1  i  ;i.t  p..,tt:-t-;  i.-c.a:- 
lor  tli*.-  Ni:GP  ( l ,  the  most  oft<-n  tac-koo  satt-  rn)  is  th-  "Alp!  .a  iatt-rn"  1 1  i  a:  •  r  a'f .  -. ;  m  lisa,. 
(Ai.o,  Ly77ij)  .  The-  execution  ol  the-  Alpha  Pattern  dopen-ts.  on  the-  .lua-irant  tut  ,  nt<;r..«i  :  vs 
r nro.i. ce  a i rural  -  ar,  indicat-jci  in  l-iguie-  H  (LXX,  lv//l.  tn  tn.  :vri.,l  x-  c:  i  •  :  • 

y-attr-m,  p-riplv-rol  data  art-  col  le-ctod  in  one!:  ■  ruadicuit  nno-,  v- .  r  a ,  - : ;  ••.--••‘i!--  p,- 
alona  -cadi  r.idial  l-aq  twice,  and  rour  -.“ . .  ■  f  ■ ■  i  •: -.  are-  a  :-  . 


Th--  .lit  i  time  :  n,  .ral  ly  flown  a ,  tropical  ,:ycloh-  r-si-r.i'iui  c,;,.-:  i.  .  i--o  ,r  •  ;  . 
altitude)  ar.d  lo,UUu  fret  (approx  matr  ly  /uu  in).  ,4  th-  two  ultit.m-s,  t ; .  .,-t  ... 

d-.p-.-nds  .  n  iris  non  tanking  ana  mf-ty  ol  flight  ecu.  id-  r  ,t  icri:  .  Alt  it  •; 

an.i  lr-»i  the  ..-yclone  ar.  nele-ctm  to  ix.-rmit  fuel  consei  v  if  ion  m:  t  -a  mi.-  -i 
c/ci-HV-  ar  ,j  (higher  airsp- -,  in  are  ocni-ral  ly  Mown  ,t  -a  ih-  i  ,lt  1 1  »-.  .  .  -:t 

ofx.-r-ltmj  altitude  (li>h„  feet  or  lu,uhu  l.  --t)  i  .  iMmll.  •;  ..d-  . , r  .  .,  -,v  • 

1  ■  .c,.it  I  -  j  r .  of  tic-  trot  icul  cycion*  c--nt-r. 


•  •  (a:  .  ; 

-  -  1  ’  ,i  fi  x 


-  tv-ifwn  - 


Aircraft  reconnaissance  requirements  are  normally  tasked  by  the  Tropical  Cyclone  Plan  of  the  bay 
(TCEOD)  which  specifies  the  times  for  vortex  fixes,  type  of  pattern,  and  altitudes  for  pattern 
execution  as  well  as  anticipated  future  requirements,  itortex  fixes  are  normally  levied  at  6-hourly 
intervals  but  may  be  required  at  3-hourly  intervals  if  the  cyclone  is  approaching  land. 
Occasionally,  vortex  fixes  are  requested  and  provided  at  hourly  intervals  as  the  cyclone  moves 
onshore. 

d*  Special  Data  Reporting.  Weather  reconnaissance  data  reporting  on  tropical  cyclone  missions 
involves  modified  RECCO  observations  and  special  observations  used  to  report  vortex  fix  data  ana 
vortex  profile  data  collected  on  the  radial  legs  of  the  flight  patterns.  RECCO  observations 
reported  for  flight  pattern  observation  points  consist  of  the  mandatory  groups,  surface  wind  group, 
and  9-group  (RECCO  Section  1).  The  first  four  groups  (with  a  95a59  indicator  as  the  first  group), 
groups  b  through  b,  the  surface  wind  group,  and  the  9-group  (RECCO  Section  3)  are  reported  for  the 
intermediate  observation  points  and  are  appended  to  RECCO  Section  1  observations  (DOC,  1977  and  AWS, 
1977b) . 

Vortex  fix  data  are  reported  in  Detailed  Vortex  Data  Messages  'which  are  numbered  in  sequence 
with  the  other  observations.  Data  reported  in  these  observations  include: 

(1)  Time  of  the-  vortex  fix. 

(2)  Latitude  and  longitude  of  the  fix. 

(3)  Minimum  height  of  surface  at  standard  level. 

(4)  Estimate  of  .maximum  observed  surface  wind  and  the  bearing  and  range  of  that  wind  from 
the  center. 

(5)  Maximum  tlight-level  wind  near  the  center  and  the  bearing  and  range  of  that  wind  from 
the  center. 

(b)  Minimum  sea-level  pressure. 

(7)  Maximum  flight-level  tar.peratures  inside  anti  outside  the  eye. 

(d)  Dew-pomt  temperature  and  sea-surface  temperature  inside  the  eye. 

(9)  The  "character"  of  the  eye  and  its  shape,  orientation,  and  diameter. 

(Lu)  Confirmation  of  the  fix  time  and  coordinates,  information  on  now  the  fix  was  maae,  ana 
at  what  level  the  fix  was  made. 

(11)  Navigational  ar.a  meteorological  fix  accuracy  estimates. 

(12)  Ampli  fy  in'  remarks. 

note  lied  Vortex  Data  Messages  are  prepared  and  transmitter  in  an  abbreviated  form  as  soon  as 

possible  after  penetration  and  are  retransmitted  later  when  all  the  requires  data  are  available 

(AwS,  197/b). 

Supplementary  Vortex  Data  Messages  are  used  to  report,  vortex  profile  data  accumulated  on  tht 
radial  legs  of  the  flight  patterns.  Supplementary  Vortex  Data  Messages  are  numbered  in  sequence 
with  other  observations  and  include  data  or.  height  of  standard  pressure  surface  (or  sea-level 
pressure),  temperature,  an!  dew  point  at  eacn  of  the  required  data  points.  Central  sea-level 
pressure,  height  of  the  wail  cloud,  tlight-levol  wind  spc-cu ,  ana  surface  winu  profiles  ate  also 
reported  when  available.  Lropnonde  data  (vertical  observations)  are  numbered  in  sequence  witt.  the 
other  observations  on  MiOP  op.  rational  flight  patterns.  This  procedure  is  somewhat  unusual  since 
vertical  observations  normally  s.hare  the  same  number  assigned  to  the  corrostxundirq  hor  im  >n*  al 

observation  on  other  types,  of  missions.  Ttw  data  requirements  of  the  J1WC  flight  pattei  ns  ,.!•  leres 
cufe-rehens iv<-  than  those  required  by  the  MK.it-  although  the  .nwc  does  require  the  i*  tu  l li.ii  Vi -rf ■  but.i 
.•iessage  for  vortex  fixes. 

e.  Investigative  Missions.  Investigative  missions  are  llown  into  :->us.p»vt>sl  at  "a:  .if  f  topical 

cyclone  formation  to  det.em.ine  whetf.er  or  not  a  closed  cyclonic  circulation  exists  in  the  ;  , » * 
area.  Impr  ,ved  sut/llir.  i.jt  i  over  the  part  f »  w  years  have  sharply  ttxlucrd  tor  r  eg.  n  lament  [  i 
investigative  missions  in  tin  watern  lacitic  and  sutistant tally  reduced  th>  nutriy-t  >1  inv>s  t  iqat  iv«- 
j  scions  i  ]  own  .an  ier  tf,r  Nllbp.  These  mi  :;.M>  .ns,  are  still  nquirid  to  stove  or  die.}  rov.  ».h<  i-xi  t 


of  closed  cyclonic  circulations  when  rapid  development  is  possible  or  as  necessary  to  support  the 
forecast  center's  operations. 

Investigative  missions  are  almost  always  flown  during  daylight  ana  nay  well  be  timed  to  arrive 
in  the  suspect  area  at  "first  light"  early  in  the  morning  or  at  "last  light"  in  the  evening.  Ihe 
procedure  normally  used  on  investigative  missions  is  to  take  observations  within  the  suspect  area 
and  locate  winas  supporting  a  cyclonic  circulation  it  they  exist.  Investigative  missions  are 
usually  flown  in  areas  which  experience  flow  from  one  predominant  airection,  in  most  cases,  easterly 
flow.  As  the  mission  is  flown,  windshifts  are  watched  for  and,  if  found,  are  used  to  alter  the 
mission  track  to  locate  other  winds  which  support  cyclonic  flow.  "Closing"  tne  cyclonic  circulation 
requires  locating  cyclonic  winds  which  completely  surround  the  cyclone  center  to  prevent  being 
misled  by  a  trough  embedded  in  the  predominant  flow  regime  or  by  other  phenomena  such  as  winds 
directly  associated  with  the  "enhanced  convective  activity"  normally  encountered  in  the  suspect 
area. 

In  the  high-pressure  envirorment  of  tropical  cyclone  reconnaissance,  investigative  mis:  ions 
frequently  are  among  the  most  challenging  to  the  skills  of  the  A Mi/G  and  the  rest  of  the  aircrew. 
Weak  pressure  gradients,  large  calri  areas,  ano  light  winds  coupled  with  heavy  convective  activity 
frequently  make  vortex  fixes  difficult  to  make  on  the  weak  tropical  cyclones  usually  encountered  on 
investigative  missions. 

f.  Weather  Reconnaissance  in  Support  of  AFGWC  (Volant  Met).  AFGWC  trequently  requires 
upper-air  data  in  quantity  in  areas  where  such  data  are  not  normally  available  (so-callea  "data 
sparse"  areas).  Weather  reconnaissance  missions  are  frequently  flown  during  the  winter  months  to 
provide  4U0-mb  and  3U0-mb  data  in  the  Gulf  of  Mexico  and  off  the  Northwestern  United  States  in 
support  of  AFGWC  forecasting  operations. 

A  number  of  special  reconnaissance  tracks  nave  been  developed  ana  published  for  use  on  AFGWC 
support  missions.  Normal  RECCO  observation  spacing  and  format  are  used  tor  most  of  these  missions 
with  dropsonde  data  provided  as  required  on  the  published  tracks  or  the  computer  flight  plans 
produced  for  the  missions. 

Most  AFGWC  support  missions  in  the  past.  2  year::  have  been  flown  from  McChord  AFB,  Washington  by 
both  active  outy  and  Reserve  aircrews.  Occasional  missions  in  the  Gulf  of  Mexico  are  also  flown  by 
crews  from  tile  squadrons  at  Keosler  AFB.  Routine  training  missions  flown  in  the  Gulf  of  Mexico  area 
may  also  satisfy  secondary  AFGWC  requirements  when  "hard-tasked"  missions  are  not  levied. 

q.  Tactical  Support  Missions  (Volant  Cross).  Weather  reconnaissance  tactical  support  missions 
can  normally  be  considered  as  falling  into  one  of  two  basic  categories:  pathfinder  or  scout 

missions  ana  area  reconnaissance  missions.  The  customer  for  tactical  support  missions  is  normally 
the  weather  support  function  at  the  highest  level  of  command  directly  involved  in  the  supported 
operation.  For  pathfinder  or  scout  missions  supporting  tactical  aircraft  deployments,  the  mission 
customer  is  the  weather  support  unit  at  major  command  level. 

Pathfinder  or  scout  weather  reconnaissance  missions  are  flown  along  the  planned  route  for 
tactical  aircraft  deployments  to  investigate  flight-level  winds  along  the  route  am  weather 
conditions  in  any  refueling  or  special  operating  areas.  Standard  KtCCU  observations  arc  normally- 
taken  on  these  missions  and  wim  factor  data  are  reported  for  track  segments  and  for  the  entire 
track  in  remarks  appended  to  the  RECCO  observations.  The  vast  majority  of  peacetime  tactical 
supyxirt  missions  are  of  the  pathfinder  or  scout  type. 

Area  reconnaissance  missions  are  flown  to  support  special  operations  within  a  r.peci f led  area  1 
tactical  operations.  The  observation,  format  used  may  bo  standard  KfciCCo  or  special  i zed  ropit  t  in: 

k*‘  KiOf  'i. 

In  connection  witn  tactical  operations  it  is  Mirth  consider lix  that  WC-1  JO  aircraft  ate  unarmed 
modifications  of  slow  turboprop  transport  or  rescue  aircraft.  The  suivivabil.it>  ol  such  aircraft  in 
a  high- threat  environment  is  limited  unless  adequate  escort  is  provided  or  other  protective  ueasai  ■  : 
are  taken.  Also,  the  number  el  operational  squadrons  am  the  number  ot  weat her  i econna insane, 
aircraft  have  been  reduced  m  this  decale  t,  the  point  that  operational  priorities  have  to  : 
considered  in  allotting  WC-1 10  resoar  cos.  against  peacetime  requit  ements..  The  denam  b.i  weathii 
i  uconnai.-iSunce  supjjoit  during  the  tropical  cyclone  season  and  other  peak  o|iei  at  ionul  p  i  i.kis  p 
frequently  so  great  that  WC-1  lu  aircraft  and  crews  ar>  not  avail  at  le  lot  th.  1  .wet  ;  i  i  <  ,r  1 1 , 

it  1  :  -I'Kii.. 

Tvi<  survival  llity  ot  the  WC-1  Jli  and  the  1  ur.lt  ii  nunbcr  in  tin  inv>  nt..ry  sms.  ct  *  * „ ,t  thi  n 
coniir.itii.ent  to  high-risk  missions  in  a  combat  er.vi  r  oilmen  t  !,•  only  aft. a  cut.-!  d  c  si:  ia<  i 


tile  risks  involved  versus  the  necessity  ot  obtaining  weather  reconnaissance  data,  The  cu,,ai  liny  i 
performing  combat  weather  reconnaissance  ami  other  missions  in  a  limited-threat  envifaiuw-nt  1.. 
maintained  by  all  weather  reconnaissance  squadrons. 

h.  bast  Coast  Winter  Storms  missions  (Volant  Coast).  Because  ot  the  threat  of  .level <  an) 
crippling  winter  storms  along  tne  east  coast  of  the  United  States,  special  ar rangement.  nave  t 
made  to  provide  weather  observations  for  use  in  providing  forecasts  aru  timely  warnings  -  .1  th  u 
onset.  The  National  East  Coast  Winter  Storms  Operations  Plan  has  been  Jevclofed  ana  implement-*: 
since  1%*  to  coordinate  the  use  of  surface  platform,  aircraft,  and  satellite  uarvitioii:  t.i 
forecast  and  warning  use  and,  it  practical,  to  meet  the  data  requirement;-  of  research  focil f 
lhe  plan  is  specifically  developed  to  cover  the  time-  of  year  having  a  high  incidonc*.  of  winter 
storms  along  the  East  Coast,  1  November  to  la  April,  and  generally  considers  only  -;»cial 
arrangeiTients  between  various  agencies  that  are  necessar,  in  providing  special  weather  ni  ;,ei  v  if  ion: 
(DOC,  ly/b). 

The  hi  WPS  and  ala  WHS  froir  Keoslc-r  AEB  fly  special  missions  off  the  \.  jst  Oast  to  pi  jvmc  .ijt  j 
for  forecasts  ard  analyses  produced  by  the  National  Meteorological  Center  (WtC)  am  lor  use  of 
military  forecast  facilities.  'Ifie  requirements  for  winter  storms  nissions,  the  track-  requeued, 
control  points  anti  times,  special  observations  or  Jropsonde  release  points,  aril  other  infur-rut  101. 
are  specif  ltd  in  a  Reconnaissance  Winter  Storm  Han  of  the  Day  (WSH>L)  producer  by  tt Slot  . 
Coordination  Center  (SCC)  in  Washington  L.C.  Horizontal  observations  are  taken  ir.  standard  KH'et 
format  at  least  every  3u  minutes  with  midpoint  data  required  between  sac.-'-snive  observation;-. 
Vertical  observations  are  made  as  requested  in  the  WSKJD  (IXJC,  1*77) . 


Several  reconnaissance  tracks  have  been  designed  to  support  the  weather  reconnaissance  winter 
storms  operation.  All  the  reconnaissance  tracks  are  designed  to  provide  coverage  in  the  near  coast 
region  of  the  "area  of  concern"  delineated  in  Figure  15  (DOC,  1977).  A  typical  reconnaissance  track 
flown  in  support  of  winter  storms  forecasting  is  illustrated  in  Figure  lb  (DOC,  1977).  The 
reconnaissance  tracks  are  normally  flown  from  Keesler  AFB  and  may  require  11  to  13  hours  flying  time 
to  complete.  Because  of  the  adverse  weather  conditions  ard  the  requirement  for  a  relatively  high 
density  of  data,  particularly  dropsonde  data,  winter  storms  missions  are  frequently  among  the  more 
challenging  missions  flown  during  the  winter  season. 

i.  Specialized  Reconnaissance  Missions.  Many  different  types  of  missions  are  flown  by  weather 
reconnaissance  crews  for  agencies  that  require  specialized  data  and  that  require  data  in  support  of 
special  operations.  Many  missions  have  been  flown  in  support  of  manned  space  flight  and  missile 
testing  activities  and  to  provide  "ground  truth  data"  for  evaluating  satellite  systems.  Atmospheric 
sampling  and  fog  dispersal  operations  have  been  conducted  by  weather  reconnaissance  crews  on 
missions  in  various  parts  of  the  world. 

Many  of  the  missions  flown  by  weather  reconnaissance  crews  are  of  a  sensitive  nature  and  involve 
special  procedures,  techniques,  and  observations.  The  range  of  activity  is  quite  large  and  involves 
considerable  variation  within  the  basic  concept  of  aerial  weather  reconnaissance.  In  the  final 
analysis,  the  utilization  of  weather  reconnaissance  forces  is  limited  by  the  operational  capability 
of  the  airframe  and  crew  and,  more  importantly,  by  the  imagination  and  requirements  of  individual 
customers. 
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Chapter  6 

wEATHEn  mod  i  f ic at ion 


"Something  else  that  appeared  in  Southeast  Asia  which  no  other  combatant  ever  had  in  time  of  war 
was  the  capability  to  nake  it  rain.  The  theory  went  that  if  the  normal  monsoon  season  could  U; 
extended  the  resultant  mud  on  tne  main  lines  of  communication  from  North  Vietnam  through  laos  ana 
Cambodia  into  South  Vietnam — in  the  general  vicinity  of  the  Ho  Chi  Minh  trail — would  measurably 
reduce  the  flow  of  men  ana  material  to  the  enemy.  According  to  the  Pentagon  Papers  rairmakin-i  was  a 
course  of  action  first  proposed  to  President  Johnson  in  February  1967  based  on  successful  tests 
during  Operation  Pop  Eye  in  Laos  the  previous  October.  VJaile  the  program  came  under  lire  from 
certain  segments  of  Congress,  top  secret  Defense  Department  testimony  made  public  in  May  Iv 74 
revealed  that  Air  Force  VvC-liUs  and  kF-4Cs  dropping  silver  iodide  during  each  southwest  monsoon  !r_,n 
1967  to  1972  increased  rainfall  by  approximately  30  percent  in  certain  areas,  according  to  some 
estimates,  and  slowed  the  flow  of  enemy  supplies.  The  feeling  was  that,  at  3  cost  of  >i.b  million 
annually,  rainmakirq  was  less  costly  than  the  traditional  air  interdiction  methods.  More  imput font , 
it  saved  lives.  It  was  more  humane.  Successes  with  the  original  rainmaking  tests  in  loos  loo  one 
American  ambassador  to  observe  that  the  Unite!  States  should  'moke  n.ui,  not  war!1  (hopnxiuecd 
without  the  footnotes  from  Fuller,  1974). 

The  capability  to  partially  modify  atmospher ic  phenomena  has  existed  lor  sevt-t  al  years  in  Ujtf. 
military  and  civilian  organizations  in  this  country  and  elsewhere.  Most  of  th<  weather  mooi  ( icat  ion 
capability  is  associated  with  enhancing  convective  activity  to  produce  rain  or  *itn  a  insisting  fog 
in  order  to  produce-  increased  visibility  tor  aircraft  ot  other  operations.  An  Fotce  VvC-lju  weather 
reconnaissance  squadrons  .tamtam  a  weather  modification  caps.  il  ity  fot  cola-fog  uiscipetion,  wit.!, 
limited  involvement  over  the  past  few  years. 

Fog  Dispersal 

A  great  many  techniques  have  been  invent  1  jateo  t  >1  tin  operational  ni  ,.;ipution  •  .f  iiotn  "war.i" 
f<*j  and  stratus  and  supercooled  or  "cold"  tog  in  various  regions,  of  tin.-  world.  Most  .1  tit-  airiiorn- 
tvehnioues  for  dissipating  fog  rely  or.  "seeuing"  tin  tog  deck  wit!,  hygroscopic  nuclei  or  otlu  1 
materials  which  increase  condensation  or  the  format  ion  of  ice  crystals  an:  produce  cl«  arint  when  tin 
result  ti*j  larger  droplets  or  ice  crystals  t . ,  1 1  a:  ptvcipi!  1*  ion. 

In  the  case  >f  Supercooled  fog,  tin  use  of  dry  10  or  silver-iodiu.  smoke  t<-  uissip.it..  tog 
depeniis  on  the  ability  of  these  agent"  to  initiate-  the  Let  got  on-hnut  j  sen  proci.n !  it  ion  pr-ace:  . 
The  process  reimt";  the  coexistent  of  ice  crystals  anti  supercooled  wat--r  rropL-t.  u,  th-  In;, 
because  the  vapor  pr -.-esur •  over  ic»  1..  fowc-i  t.nan  tin  vapor  pressure  over  wot.  1  ,  tin-  u-e  cty.-.t  ds 
created  fey  the  scedioi  agents  grow  at  t'n-  expense  of  the  water  droplets-  uni  event  nal  1,  fill  is  --.mat  1 
ice  crystals  or  mow  flak'-.  .  As  dry-io  pit  to.  l.-s  fall  tiny  pt-x.uc-  lnt-iu-  Lx--.il 

resulting  in  the  act  iv.it  ion  >!  lat  j.-  nuntw.-rs  of  ic<  nuclei  whicl  can  p  ,w  mt,.  ic-  i  pt  ils  1!  t !.. 
is!  l'-nt  air  tempei  at  are  1  ielow  tie-zp.i  ami  sat  t  1  -lent  mop-t  ur<-  1.  aval  lat  1-  .  Si  lv-  r-io.no- 
seeding  produc'.-s  ic<  sryst.il:  in  1  dit  ter eat  manner.  .-.ilv<-r-Ioduk  ,  e-t- vhn  it  pr-mao  a  Vup.i 

w- .  1  -f  <  ,uent  1  y  00 1'-i-  I  .  1  1  f  1  , .  -  .  :  1  I  :•  ;  1 . .  .  i  !•  ,  : .  s  .  is  1  .  : ;  e  ,  ,  . 


*  r 

'.VI  ‘ 

<-  >?'  >r: 

V  *  f 

'  1  i 

-1!  '  >II>  t 

i’ll  -s. 

•  ♦  11 

is  sr.-utils 

r.r(  ■ 

-.i:; 

1 0 

■  nurl-i 

•xi  w!t 

n 

iif  - 

■  Us  <■  11 

V 

Tl 

:,T’T  h  • 

r-.i 

ti  !)«•:;  1 

*oi 

■k-r  •! 

l.Ui 

li.r.ll  -V>- 

{ ;v 

■ 

r)r, 

V  . 

It 

•  ,t!  )f 

*n 

•  i 

1  Horn- 

•v  \r.'- 

:  ! ; 

. . it  :■  •  tp 

t  >• .» r 

il  i: . 

w 

<  I  •  • 

1  in.  :.i  t 1 

fi:  1 : . 

!  'j 

/  1  l.lf)  4 

'  w,  i«  w 

'!  . 

i  -r  1 

■if  Air 

1  jmikifi. :  1  -1  . 

IF 

>  u  t 

«l  * 

(llHf  .1  J  l'"l 

.  -1 

e  V 

1 

till 

.  i  "  'll-  • 

ji  >: 

it- 

•  K 

1  •  ’kf  i  .it  1 

■r:  t:  m 

r  r-" 

t-M  )w 

tiii 

•  )* 

•t.  IffcJ  t 

h- 

’  4  f  •  4 

-  r  y 

:f.[  if.  t  l\‘ 

J  t 

f 

-  •  i  . 

l 

"i'.f  h  -j 

>i 

1.  ' 

l  f>; 

-  -  i  . f  l 

1. 

v  -  i- 

I'"1  '  1 

♦.tf 

Viv.j  1 

■l'-n. 

' «  r. 

!.•  r  ii>  1  .  • 

1  1:  :  1  . 

t  «•< . 

f  : 

"If  .  ...  r  r  ; 

elin/l' 

f ; 

I  1 

y.  f  1  r  f  -j  ?  •  , 

f  M  '  t 

:r 

‘  •-  i , 

.mo  'j. 

/r,  -t. 

-jr 

t  .  «&J  t  i 

•r 

:  At*  •  1 

4t:? 

i-.t 

t."C 

1.  . 

Wf  I  ■ 

M»i  1- 

tr  .1 

V 

;i 

i  i:i<  •  tit 

Af:  •.  '  1 

i! 

wi  rv 

i  .t  1 ' 

k  r  m 

1  .  -  ji:  *  •  t 

■■1 

-ifvi  .. 

1  ■-  4 

i/«»  f  •  ••  ■  t  1:  « >v*  ■ 

*  !i‘ 

if 

/Ufn  1 

i  -  ti  if  ,  , 

1  ,  4  1 

A' 

.  •  1. 

\*-  I 

<r 

J)!  '  ti- 

•■St 

•r  jt k 

!  /J  *  •/'  -r 

f  * 

!  i  r> ; 

■’  Jt 

*  f  / 

♦  ]  )Ti:  w>  •] 

l«  .  1/  J  . 

f  • 

.jt  i«  ir  j  1 

)  1  '!  :  -< 

f 

i'-*  r 

:p.' 

*  *  1.  •  t 

>: 

•  <! 

•  f 

i"j  !-> 

<  n* 

V  r 

11 

1  ?  t.i 

’  'V*  •  * 

t  ,  1  'I 

ii 

1.7 

;  1  ■  1 

111*  * 

t  1 

f.’l 

is*  I- it,'  . 

,  T 

j  it , 

r--  1 1 1 

d  t  lx 

-  if 

t  iifiicat 

1 

1  h,i! 

t 

ii  i- 

•  1!>I  il  f 

!  1-  ..it 

1" 

W  •  1  1  .  o«i  K< 

.  I’ls  it 

J.  - 

;  1 

ifi 

S'* 1 

i  ii  1  >n. 

t , 

ij  -  at 

lilt 

v  l.T-.j  -f  1,  t  1 

1  i 

ii 

1  i 

W-i 

.  -a:  >■'  k : 

■  r.  •  -x  1 

•1 

1; 

v ;  ■'flu: 

.  V 

kn>  >w n 

*)/  ir  '  * 

■  1  > 

sot .  -r  1 

.1- 

*r . .  1  r 

l->  /4  1  . 

'  t(  J' 

•  r 

» 

■  f  :  i  •  ■ 

1 :  !  : 

1  s  r :  f » 1 1  .*  i  1 

;  1! 

1  l  ■  1 

1 

-  •! 

'■*il  in  ; 

it‘kj  t  <  i 

1  ■  : 

i 

I  !  !  .0 

■  11.  i  |  * 

r*  • 

•  1  J  i  * 

t  r  « 

*  M 

it  !  1  ;1 

it, 

1  f  i  ■  i< 

•t  1  -i 

■;  in  1 1> i  how 

t.  h< 

1 1 

i1-' 

- »  t  y  i  Vu  f  1  -1! 

i-  *11 

>  1 

i  T  :V  ;  V'  - : 

1  ’ .  ’ 

.  j 

*  if* 

]  1  7  T  | .  A 

1  1  . 

»v-  *  r :« 

I-  .1  ■ 

if  •  .1  -it  t  •  r 

'(  M 

•  j  1  n> 

1 . 

»n:  l- 1“!  ii 

i  •  ■  .-tl 

1  1 

i  j:  1  .  * 

"X. -  1  Mi 

i*  • 

*■  • '  r  :■ 

t  f  1 1- 

'  'A  l 

fi  i 

till 

it 

:»•  ■ 

!<*:  jrt  l 

w’t 

.  1 

;  »  r  ]• 

! 

1  i 

r> ; 

Line  ij 

will! 

1  ; 

.  f  1  1 

i  .  ;  ■  r 

*  • 

r 

t  r  :«  ♦ 

il 

I',» 

■  ■«  1 1  :  1 

•V  •: 

0  ii 

t 

■  -  1 

1  >m  «*n  hi 

lit.  i:vi 

1  ’ 

'  it  !  l  l*  1, 

! 

1 


S,  ,  .  i  I  i!  . 


— Ai 


1.1  t  A  F  I'. 


!  1  : 1  ,  f '  ■  ■  i  :  1 


Aii.  Ii.t.i.-,  City 

^-rri^fTTlTiy,  I.  i  i  :  i  i 


Figure  17.  An  Early  Fcxj  Seeding  Pattern. 


permit  clearing  as  large  an  area  as  required.  The  orientation  of  and  spacing  between  success ive 
lanes  must  be  adjusted  for  the  average  resultant  wine,  to  assure  that  a  vide  clear  area  m  crouton 
aid  drifts  over  the  target  area  instead  of  many  clear  lanes  which  ir.iss  the  target  or  do  not  pi  ovule 
sufficient  clearing  in  the  target  area.  An  example  of  an  early  airborne  seeding  pattern  is  given 
in  Figure  17  as  adapted  from  AWS  Th  74-247  (Chary,  1974). 

In  contrast  to  the  dissipation  of  warn,  fog,  the  airborne  dissipation  of  supercooled  fog  or 
"cold"  tog  has  achieved  considerable  operational  success  despite  its  expense  arm  aircraft 

availal  il  ity  problems  due  to  maintenance  difficulties  in  cold  operating  environments.  Airi/orne 
seeding  with  dry-ice  pellets  had  been  shown  to  U  effective  in  creating  holes  in  supercooled  clouds 
a:  i..urly  as  194o.  In  the  early  l96u's  the  Air  Force  Cambridge  Reseat  oh  Laboratories  (ArCM.j 
oxper  iir.enteo  with  a  prototype  dry-ice  pellet  dispenser.  Contracted  dry- ice  seeding  was  used  in  the 
wint-  r  of  19od-6b  at  Fairchild  AF’b,  Washington,  and  resulted  in  nine  launches  and  live  tecovetii-s 
attributable  to  the  seeding  (Chary,  1974). 

In  August  19o7,  AWS  was  assigned  the  mission  of  cold-fog  dissipation  at  Uenondotf  AH>,  Alaska. 

The  unier taking  became  known  as  Project  COLD  CUWI.  and,  since  it  was  the  only  reasonably  ..rovon  ag*  s' 

suitable  tor  operational  use,  dry  ice  was  select'd  lor  seeding  activities.  A  dry— ice  cru.dn-i  wtiicl. 
was  capable  of  producing  dry- ice  pellets  up  to  l  on  in  diameter  was  inst alien  on  a  WC-1  m  I  >i  tfn- 
oue-rat  ion.  Air  do rue  .seeding  pjt  terns  consisted  of  five  parallel  lane  eacn  alxiut  2  i  W-.  bin  ado 

1/4  1 1  apart  and  were  flown  fai  enough  upwind  (around  JO  to  4i>  minutes)  to  all<;w  tin  cb-aino  »•• 

be  I..1I,  developed  as  it  fussed  ovet  the  runway.  >A  the  il  missions  flown,  2s  success  1  ..1  ly  .  1 .  .  o  ■  •  i 
tni  target  are,,  aril  ijormittoo  IbS  aircraft  takeoffs  or  landings  (Chary,  19/4). 

Adlttinriul  tests  wen-  run  usinj  vai  ious  operational  techniques  ano  niseodar,-:  ana  u:  mo  *  it  i-  i 
seeding  i.itenals.  bry  ice-  arm  silver  ini  Me  (dispensed  Iron  mod  if  ir\j  ATw  lot  tie-,  ittacf.'O  t>  •  n> 

;  i .  i.  ■ : t:  i*  aircraft  abr-xJ  of  tin-  juratr.xip  doors)  were  found  t. ,  m.  tne  lest  '-■••diii  op-st  . 
Successful  /,  i  1  ve't  -  i/xi  l.-fi-  soiling,  however,  rxiuirrd  a  teroiierature  >f  -  Pc  a  -oid.-i  ('l.aty,  !  *i  74  '<  . 

In  tli*  wint'-r  ..f  1  u.o-ti*)  t!..  se.-nin!  jiutt'-in  was  length,  mai  an.  i  widen'd  but  the  i  a.  i  i  if  i  ,t. 

rei.iiriMi  the  sure-,  (gx.-r  at  loml  airborne  cold- fog  dissipation  activity  was.  •  xt.-nd.d  f,  tui.;«  i  n  mo 

•  ;  i .  ,,a  i,i  un  i.  r  I  r  ,je.t  .1,1.1,  CFYSiAh.  IM  on,e  ope  at  iorial  ptocedur.-s  w  i  •  an, -a  on  a  i 

in  i-  ir  ,i»-  that  bad  pi  cd  atvssf  il  in  A1  ask  ...  Although  COU,  CRYS1AI  wa  i  ur;  on  ,  t<  .  t  I  .  1  -  , 

d  un-ill*  lao-  r-  «ty  r,  if  cl- „i  lngr-'  produced,  nmrat  ion.il  '-'dmi  *«».«•  -t  1 «  t :  nt  .  io  -t 

■or, til;  jmI  t'.r  J  1  t  *1.  winter  >t  19/U-/1.  For  the  1971-/2  winl.-i  ,  Ingi-cts  ,  ol.l  •  U.l.  an  I,b 

pyg.ol.  w*.  i  •  ->«,t  I'.'i!  in'  ir  .  j.  ,-t  t  I,.  .  l.i-Ai-  wti  id  wa  intend.-:  t.,  t  •-  ,mii!  l-.enn  <*•  i  iti-.n.d 

,,i<,;ir  oe, ii:,d  r . ,  .lovi.i'  -  - ,  1  ■:—!.»  1  dj-gn-c  d  t,  Air  fore  nisi-  i*  Ala.ik.i  iid  I  n .  g  *  .  It*  Al,  or, 

•  III!  .  ,w  t ,  .*  it  •  it.  *  .  >  .  .  •  •  >.a*  .  a  on  wit:  :>  n-  -wt,.if  i  i  ■ i:  :  * ,  i  * .  *  m  ’  t  •  si '  i-  I  -it  *  i « •  i  * 

;  ,„r  *  .  ,  a)  ,  ■  r,-.  I  i-  1-  t  <  it  i.-l  it  .[  ,  :ll]  !  ■  '  I'Ve!  ,|,]e  'nl  l*|,i|  ,„r.inen,  ,  '  !;  it  ,  ,  !  '*  ,  H  . 


TABLE  12.  SUMMARY  OK  WC-130  A1 KBOKNK  OILD-I'ih;  SKKIH N> 
RESULTS. 

AIRCRAFT  MOVEMENTS  PERMITTED  BY  COLD-i  ' 


- 

DISSIPATION 

EFFOKI’S 

YEAR 

P  RO.IECT  /LOCAT I  ON 

L.VN  DISCS 

!  AKf  .a 

FY68 

COLO 

COWl./Elmendori  AFB 

')'* 

• ! 

FY6J 

COLD 

COWL/E i mondo r  f  A FB 

]  80 

1  Vi 

FY70 

COLO 

C.O«  L/  F.  lraundo  r  f  AE li 

120 

i.m 

COLD 

CRYSTAl./Uvnuuny 

77 

77 

FY7  l 
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COWL/ F.  1  mendor  1  AFB 

1  71 

1  7 

COM) 

CRYSTAL/Cermanv 

■SO 

1  V, 

FY72 

COLO 

CI.EAR/Al.isku 

12  7 

i : 

COLO 

CLEAR /Fur ope 

1  •- 

1Y  7  3 

COLD 

COLD 

CLEAR /A  1  askii 

S ICHT/Cermanv 

77 

In  the  winter  of  ly >2—73  yet  another  name  change-  hud  l  •  ■« -n  on¬ 
to  refer  to  the  Alaskan  effort  and  Project  COLL)  SIGH'l  to  cont mu- no. 
Europe.  In  Alaska  the  WC-1 10  aircrolt  woo  used  as  ,i  iack:.i  t 
dispenser  network.  Airborne  foy  seeding  was  useo  on  six  s--purate  oa 
of  nearly  continuous  seeding.  Mich  ot  tl-e  time  the  toy  wui  to- 
clearing  but  the  airborne  system  was  credited  witn  4  >  launches, 
diversions  during  airborne  seeding  operations.  Six  ot  the  -nvti. 

earlier  than  their  estimated  time  of  arrival  (l.TA)  am  wer.-  unai  1--  t- 
ef  al.(  ly/J).  Since  the  propane  dispenser  network  installed  at  E1-* 
excellent  seeding  support  the  airborne  portion  of  the  project  wa:  t-.- 
Europe,  VvC-1  aO  support  wa-  deployed  for  Keforger  IV  operat lor.::  but 
cold  log  aid  not  prove  to  be  a  significant  problem  during  the  exetvis 
the  result.;  of  kC-1  JU  operational  cold-fog  soling  during  the  primary 
ana  Chary,  et  al.,  1973). 
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Th-.  success  of  the  profane  d i sensor  networks  at.  some  of  rh«  i  use:  *itn  •«  bur.  i  «it •  ,j 

occurrence  ot  cold  fog  has  eliminated  the  necessity  of  maintaining  de,_  1  >yai  ;■/.*- 1  Ju  !«m  c  1  s.:  ij>.v  i 
aircraft  :>t  those  bases.  toC-liu  cold-fog  dissipation  support  is  still  avuilai  l*  »n  ..i  omt  mo-  -ns. 
basis  for  operations  where  propane  systems  are  not  installed  arid  has  been  ut  1 1  i/.-.u  loi  it  bu-.t  .m 
major  operation  since  1^7.}. 
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Research,  Incorporated  Lry  Ice  Crusher  /Dispenser  anil  several  ury-ice  ch»  .-  t .  t<  ;iovide 
dry-ict  storage  (A/»S,  .  Th*  ice  cnishor/disjcmiser  if  attach*.*,  to  t  tor  ..  !b»->t  ?*.  ,n  t  he 
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dispensed  through  the  resulting  opening  ir.  the  underside  of  'hr-  t  use  lap  »r ,  -It'  r  r 1 1  i  v  1  - ,  *  ‘.rough 
an  open  uaratroop  door.  The  crusher /d is M.-nser  is  operated  a:  mmi-oot  .  I  ts*  h  jprvoin i-  . 

op:.*rater  with  "ice  chunking"  assistance  from  father  :x-rsnnn*  I  . 


'lest  programs  an]  operational  inis:: ions  demonstrated  that  .nMorre  :;»•* 
cou  1  *  i  nat  rially  contribute  to  a  mor-*  oven  ana  ur.  ir.t<-t  rent  .<<:  tl-»w  ■■! 
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relatively  proven  techniques. 

It  .mint  oe  upphu::  lzea  at.  the  oat. ;et  that  *  >»  t  .  •  i, . i  i  i » 1:,  ,  , .  v  .  t ;  . 

military  cum-unity  is  not  by  any  man::  advance  i  to  t  i  i<  ■  .m  t  to.:!  ■  t--.il  ■  a  •  ;  .i . « ;  ,i.  -•  i.ji-, 

t  roin  a  cloudless  sky.  It  synoptic  condition::  ate  :-.-jci.  ti.at  to.  j.  ,j .i*  l  -n  ot  "st  .  -  j.  ■.  1- "  ,u<1  , 

inhibited  (as  is  normally  the  case  in  severe  Jroujht  •-;) ,  then  nothin;  can  ;  ion.  i  .  ;vin  t.  , , *i.fc- 
or-.-c  ipt  tation.  Precipitation  ens.inc-at.ont  l  only  :•!!<. ,-t  iv  i:.  it  ....  «*,. -t  ■  jot"  cl.xidt  .<  • 

forninj  ln.it  are  not  eff  iciently  t.reeipitut ini  (Sax  and  cress,  lail). 

1-ot  purpose/  of  veiter  rvoei  I  leaf  ion.  act  t  v  i  t  lo.i  lnvtlvinj  clou.i  s-a-aim  it  is  . -onv-  ,1.-,-,*  to 
consider  two  basic  types  ot  Oja  rat  ion:  wurm-cl.xuct  seedm;  ait:  c-,la-cle.n  seoiirxj.  ...  invest,  ive 

clouds  which  fail  to  yrow  above  tut-  u°C-isothorm  level  ire  c  1 i  :  ie<;  a:  wpi.i  cl.iua:  .  ir:  t.  t  at 1 

latitudes,  such  clouo;;  seldai  produce  precipitation  because-  they  do  not  uo.hnve  :  dficient  ne.pt  n 
e.roviei.*  t  lire  tot  a  i:  t  oudenin.j  ot  the  dr<jp-oize  spectrum  aim  t.l  mitiati  n  ol  .-I  I  icient  coal. -so.  no.  . 
Iti  theory,  placiivj  proioerly  si/.<xl  liv.jroscopjic  .tutorial.*  (such  as.  urea  <i  s<«n.iir  cnlor me)  into  tr,< 
u. draft,  reqiun  ci  f  the'  cloud  tihould  hasten  coalescence  ana  :x  t,sit.  pi  .  .si;  a  t  at  ion.  Although  connioe-r 
pr.xiiisir*},  this  technique  is  not  used  lor  operational  appl  icat  ions  within  the-  Ait  force-  (Sax  ,,nu 
Cr-  s.s,  ly/i). 

Co  io  clouds  at-,  com,  nit  re<J  to  i»-  convect  i  vc  c  bauds  witi.  too::  aoov  ti  <-  u°t-i.vith.  r :  level,  in.- 
approacii  to  seed  in;  cold  clouds  re.lies  upon  convert  inj  clouu  water  f  ran;  the  wtastui  h  ■  .'up.ircoeil.-d 
1  iqtu-i  stat-  into  the  stable  ice  phase.  (JrcJir.anly,  .eiqnit  leant  conversion  ol  supercooled  water 
uroplfts  to  ice:-  does  not  occur  in  the  atmosphere  at  tun.p.-rat  ure-s  Warner  than  around  -zil'-V.  itowe-vc.-i  , 
tne  odeiitiot.  of  an  eflicient  nucleating  jqe-r.t  (such  j;:  :  llvet  iooide)  into  the-  cloud'/  .i(*ir aft 
r onion  causes  ice— crystal  formation  at  ter, , et  at  ore.,  as  warm  as  -4°C.  l-.ccause  the  vapoi  pre  s:  ur-- 
iv-i  lc  is  le-.  than  ti.at  over  wBte-i  at  tee  iiamo  sapor-cool  mq  tixnpci  ature-,  any  i..-<-  crystals  present 
in.  a  mixed-phase  cloud  will  qr  >w  taster  than  the  coexist inq  water  droplet-:.  lhe  re:  altirej  qu-wth 

I  .lie  to  a  !i  alennni  of  the-  particulat>  s:»-ctrji’,,  initiation  of.  tin*  o  ,1  -.-scene,  pr  c-  :  s. ,  and 

col  1,  id  jl  instability  with  the  onset  ol  ,jrecipitation.  This  se-edinj  to  inwri.-  cdlei.iil 

instability  has  been  referred  to  as  the  "static"  ap|:r..>ach  and  only  require!'  the  intr.xiuct  i- ii  -  ! 
snlficienf  ice-  lorinirxj  nuclei  to  initiate  coalescence  (Sax  arm  crons,  lv  VI ) . 

In  r.qion:;  where  maritime  tropical  air  provide-:  :;;il  I  icient  moisture  lor  tin  toniati-.n  -if  1  t..-»l, 
neep,  hupirtviolei.i  convective  clouls  (cut  ulus  cunqestusl  ,  a  "-./runic"  approach  to  seonio;  ha:  .Seen 
loon!  to  io  vt-t  y  eflective  in  aixjment  imj  iirix'ipitation.  I'topx.-r  uppi  icat  i- m  ol  the  dynamic  ipyi  od 
nul  start  lally  ini  1  uences  the  oyriari  ic  jrowth  of  the  -.-lour  as  w.ll  a..  all..-tn*j  th-  fiui.yili.  tc.d 

proce.s.-s  inside  the  clouri.  About,  bif  caloi  ies  of  I  lsiorul  h--.it  ate  ni-ci.i  t. .  t:,.  -  rivn  juient  |  i 

'.-.'try  jr.jiri  -if  water  tro/en  in  the  water-to-  is-  conve-rs.  ton  priK.-e-.s.  -.nee  i  n  ixoi  ph.i:.e,  w,it .  t  - 1  1.  -  - 

cl-xH  i  r.t  u  1 1  si  too,  ti,f  direct  -uy/asnioii  of  wat-  r  onto  ici-ciyt  t.il  •  nr  I  ice;  ,.i  « .i.idi<  t-itial 
heatin-1.  A  iritssive  injection  ol  iu  nui'lei  may  risult  in  In-  total  amount  ol  In,  lonul  sm 

It ‘positional  n".jt  pr-xiui-eri  in  the  conversion  jiro.rs:  lein-j  lur  n-  •  :n,u  if  t--  it--.it  1  y  tn.-t  •  a:  •  1  oe 
buoy  a  ney  -it  the  -sloixt  mass  ar>i  thus  prixiu:.  enli-jncoo  v-atical  u*.  !*u  is- is.t  ii  -n-v-  l .  x;«  -t  it  wit; 
pronoun. el  o'>v>Mof<r.i-tit  occurtm)  if  a  weak  invasion  ft, mb-  lay.  i  i  is  .uppm  t  not  i.ul  -|u»i  u  -win. 

II  m*  resulting  larder  c1-mxi  truss  will  in  theory  have  i  lorvn  t  lilet  l«m  ,,ni  1«-  u  •  •  e|  t  to  n-nt  f 
pr  -  kiuc  l  r  ►  j  ,,r  ip  r '  it  ton  l  r  jit.  aval  laid  -  ■  moist  ut  e  that  the  i .  sul  *  l  nu  r  ami  ill  wi  1  1  t»  i  in  1 1  i.  -mt  1  , 
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.1^  d  - :  i . .  [  .  1 1 .  |»-  r  j«  v*  ■  1  ■  yes  i  aid  cat  r  oil  1  .it  at  t : .  -  t'-cue:  t  ot 

.  .  A;:  ru  •  ani'-  wu-  1...1  jfuti  i  .  :.;.i  .m  l:  l  1  If,  h  i  j.wji  i 

.1  . . :  *  i  I IV  •  ■  tf  i.  *.'.*•  •  V  et .  t  el  .  Pic-j.-'t  OSJef  at  1.  >?Y  .  wei  .  • 

.  -r  l i  .  ij  ;  is*  .  ,  .i'  l :  r  j  V<K. -1  51,  ■  •diu:  airmail  t  r  .>•  t  :.»• 

.1--.  .  ■  i  1»«!  i  ,  t.'.f  N.jv.ii  rV.ui*)!;:  wit  el  (chat/,  1  /  4  1  . 


! :  mu  j.  •!  •  .  j  ..  -  *  i .  ♦  1  -  1 :  i  f  t  -.1 1  •  • '  .  i  r  ■  if- ;  *  tt-.-m  ..g*c)al  rack  at  t  to  the  .nr 

1- [  ,1:»  t  ■■  i  .*!  I  l  h>  . 1  j  f  a  t  l  <  >'  •' j .  <  k>  d  :.  oli  tin.  VA.'-1  i  jK.  <  UT  a  I  1  with  a  hal  H  , 

.  1  .  ■  i  *  .  :w*  :  1...  »:  ,  •  mil  '  •  .  r  i.t  •  tit,ets  tot  *.niri?  wl '  f  les*  .  *t :  x  r ;  |  c -tx:  1  ’  l<  <h;  Ming  !  -aha 

i;;  i  .i  r  ;•  ..iT  ,i  u  t ,-l  .■  l  *<;ich  wetf  devc  loj.  lfM  •  *■  *  rcool  t:<i  t  at  r-  t .  .41  the  ipwm:  .  j.j. 

•?  ‘  .•  ...  >uJ  .r  .  c.  ?..«•«  t.,  ■  1 1  n  1  t.  f  it  upwind  tut  1  <  t .  10  tiny  j-  y*  1  a.*-o  •  1  jt  *- j  ana  M.tt-i 
■  i  .4.tr. . .  »i  :  r :  .  ;•  .  ,  «.•  *  ;i  •  .1  t*  1  a.  whict:  in  tarn  loi  to  an  c*rihcitv«o  local  rainfall  K  hut  .  ,  i  ^  /  4 )  . 


,1a..:  on,;  ml  .  •  n.  K-t  n  not  the  or.  tire  Phi  1  l-pint  Iron.  r  1  i  tr.t  a-ant. 

;  ;•  *].  1 1  C'-HVOOtlW  clOUUS  WOTO  It  afk*  at  a  1  t  1  t  -Jllc:  1  I  'IT  i  /,  hot  ti. 

•  s:n.  !•/<*■  :  !:  :  fcUju  t-.-o-t  telow  the  toy  o?  ti.e  tai-jut  .louii.  .  il;"t -  kxii  :*„•  flat*.- 

:t  :  t  tti  •  v.  :  .  ..  r  .  wtiilo  the  aircraft  was  m  th*  afoiratt.  itr  -  tt  at  i  .<n  wit.M.n  aiu>at 

>.  j  *  t  f  r  r.*  *  •{  :  *  :.*  1  >u:  t  ut  r  ct  wt-i  .0  found  to  inn  if  1 1  icVclouu-ut  -I  t.h*.  ;c;ui  i.  out- 

*.:**  -mm  si’LO-nt  ?  r:,.  ir  4».r  au  surrounding  tho  tuir*.  t.  'It.*  not  ,iui  •  t  t  *  v  •  t  f  in-  o  miii'j 

•  ;  It  .  .  .  all  r .  t  :►  »  t  .t  l  :,*> :  alt  r.»)-rU!  U:  •  *St  ur.at--  ..11  iu  :  lillon  o.ji  10  r .  .f  Mat-  r  t<  j  1  t  r  ait. 

-m.,  ;  .  r  on  .  ,.j:  <»u  i.i .  1  •.  iv*  in  a.}r  icalturai  cr*'<itK’t  ior.  wan  .)!•:*  tv»<:  y ,  W74  /  . 


Ir  O •  .-.la  w.j.  ?!:♦  .Air  Kao*  oir.ti  loit  ioi.  t..  .  i  it  i»  mt-r.  1  u  (  ;-r  >n  a:  ir. 

.  >  .t  *f  »t  1  u  .  x  1  *L  ;  “ .  m.i  .f.uni.M;  ami  a  it  i-ct^i  l.>  t.Ja  Put  •  a  a  -A  m  ciaKiUt  lor.  m  1^/1.  Ih»- 
;  A.  f  o  •  •  /Li  •  -lh  w*-t  •  •  t  ;.ix;ik*'-  nvr«-u  .  .1  t  .nr.lal  1  *v*  *i  t;.at  wt.i't.  wiijlu  r«ave  /court  *ju 

r.  It  A  ill,  1  .  1  •  m  1  ;►  .  s.-nu:  i»  -1 . 1 .  . ;  1  ul  *  -a  a;  (<>:..  1 1  1  •  ,  to  i  nv» t  i  4  » t  •  Mo.  t  O :  jx  ;ri:X‘  wl  oloui  tv 

.•  r :  1 ;  ;  II,.  i  r.  ,  t  r  •  !  l .  1.0  1.1 :  t  <aV»  to.*.  jt-.Ol.  I  tat  lor.  ...a  f  to?  I- -f:  t  *  -ah; :  in  Uf-.»  at 

M,  it  r  i  .  ...Mii’M  f..a  it  ion:  w*  1  •  *s-  Mot  *.1 :  it;  non.  W7 1  a.  t:.r«-o  v%...-l5ui  f  r  at  t:.-.  uu  Vvk.c 

1  at  1  a  ;  *1  i:  K * ■  i  i  >  Ai  A ,  I*  >.  1  •.'-}  <  sad  1^,1). 


.*-1  dims  ii  •  i  fa  •  1  (./  ’  -  i.;.  »vM\  nrui  i,  7  ,oou  ..o.iats.  :u  1 1  .  with  ai-oJt  4.) 


•i  Md  .f  t :  *  at  •  . . 


.r  •  j* .0:  t .  ■ .  1. ...  I  i .  \  A 1 N  a;  *.  ■  r  .1 1.  1  o nf:  wi.- 1  • 


o. -r-, ,  ,,•*  m  •  Moii  f.-ja  . !  1:.,  ,:t  1 :  -nv-lv.  i-.  :  1  .'i.o:  with  ssor*-  th.sii  iUU;  *n»  1 1  at  n  01:  1  n  t  *  nor*  than 

4  k.  1  n  .  1  j  i-  i  *. , ;  ‘u  .  hi  Ai  .*  a  /no  *  i  jt «  .  w»'-t  ■  *  x}*  ikh.xi  w  it:.  *  .-or  tin*  1 .  lo.jr,  1  no  «jrait:' 

•  a  i  iv-  i'  :<>  1 1.:-  •  i.-  »x  iiki  » -  •:  ,  \  *  ■  1  >  . 

--th:  1  -  ‘  •  i  .1*.  10  »  O  a  ;  .  ]  .  *  1.3  t  t  •  \  1  Mdl  l.  J  J  j:o 'Ilf  a  t  1  •' ,fi  «  »j>  !  jtloP.:.  1  1  ♦  - :  If.  .  1-a  t  ».  f.l  1  h  1 II  \  !  >.  -w 

-t  •  h*  •  M-s.Jltim;  ;  nxii.if  ,!  i,!i  i..  lot :  j.j  1  i  y  u>  to  tho  cI'kju  n  uim;  ova  ami  uhovo  t.ho 

•or  M  d  r  |f  1  h  o  ,  ■  /»•  ).  Min!  flat  Jt  -li  !  /.  lo  IV.-f  t  1  >  ulleVlat-  ti.l  ptOllOfl.  UUI  lfid  Pt  O  JO‘Ot 

U'U.  ivM\,  *  x  t  *  «f  i  iv  f  r.' )?.  >tt  :f-r.  io  o'.v-ras*  a.  :  nq  3  aim  oan  or  a.*:  on  the  sr-cxiims  aircraft  arvi  h  i*.jh 
lit  i  *  1 1>  it  :  r;..-t  -a'jjo  io  ;r.  i.r.,  m.j.  ai'-i  ji  n>.  with  avail  at  1»  out  1  .ice  r  alar  obso-t  vat  ions  and 

.u>x:  i 'ii  :  't  1  in  i  ir  0'.a.u  »•  is.  nv>l  -(.in;  ami  do-finimj  a  Set  ot  "six'cesn"  cat  ego  r  ic-s  for  t.fie 

.M  lo'i.'.  f ;  -  j  x  mil-  ,  !  «  i  •  . 

‘Ph<-  h-uoe.i  o  d  i  i-  w»r*  A»-f  in»ii  for  -Valudimj  •  'r.  1 .1  KAiN  '  lo.hions  as  follows: 

J-  7 a_t ►  gci y  A.  1  >  a;  ;  reuf*:uir*;  •  Xj-lou-ively  to  r.ec.viing;  cocdod  clouds  cxhil.n toci  ancjfr.aloaf 
grow4;-.  i4v-n  -t it,,  of-.- i  t.. ,  iit.  <  ‘ijin  oloud:  in  th»  i«;per.jl  area;  amt  lnctivoly  aeavict  or  more- 

w  lUesor*  okI  tal.n  ;  -h<  -w*  r  •  Af-t  *  n-tv'r  n»  tall  fr-ir  the  i;ro<jnrj  clouds. 

•’  *  1  ife-joty  P-.  i  »i. i< i ;  t;  v».  irm:  to  r-.sm>n..i  w  i  1  to  seeding  but  unserxied  clouds  in  the  Sam- 

je-r.er-il  are,,  jpe  ir- w  jmi  or  ».v  i(  i  tated  in  a  similar  manner;  a  distinctive  difference  between  seei-.M 

md  uti.  i.  <i  ob  »uis  -oi.d  i  not  i.e  r  *  .u  i  i .  y  u  isc».-t  ncii  f  r  on:  aircraft  visual  obsor  vat  ions. 

•.  v  ut-ger^  i*.  1  ■  ••io:  r,h  >w^;  |A.t  re-st *>nse  to  seeding,  either  display lmj  ne^ligibh-  growth  or 

*  i  •  dl  lt  <i»  I'M  af  *.*  r  i-il'M. 


i.  '..Musty  ’  .  dr-.w*-:,  trsd  ;,r  • -c  i.  a  f  aMon  r.yonse-  of  the  St?edexl  cl  ouds  relative  to  tin-  ans.o.\i,>j 
‘b  d.  n;  Mu  s.aae  i«r.«-t  .d  jr»  a  cu  ihi  not  u  eicteniiine<i  rhx>  to  t.(>>  s.iriall  a  saiSi.d*-  or  obstructs! 
M  a  liny  t  r  nr  f :  *  jir.i  ,i!b 

IM  •  ty-t  iv«  ■  A  4Kf-  *  ■«  1 1  *■ ;  i;i  Sion.  w«  •  r  *  -  flown  with  threo  miss, ions  on  wtiicli  flat  it  -wiai  net  firm!. 
.  u  1  ve;  -  i»> .  i<]»  s  .  r- -r*  cf.r.  i  ■  .  wf  :  a.  *d  with  744  misfire:’,  in  14UU  at  t  fir.pt  ml  t  ir  l  ms.  *.  f  1 1 :«  n.i.g  in 
*•  -4f  1 ‘  d  M  i ;  •  d  ■  o  <  .  i- s  r  1 1  i  r  i  r-l-jy  pr«)ll»ir.s  t.r..J  i  k  » t  to  nol  f  unct  i<  -0  n>:  1 1  jt .  t  t.h.  r 


missions,  nine  were  category  A,  lu  were  category  H,  six  were  category  C  (all  occurring  in  t ri- ■  fust 
we-.-k  ot  operations),  seven  were  category  Li,  and  three  were  an scored  (flares  were  not  expend.*.!)  (Sax 
and  tress,  iy71). 

Ill.*  r- •  1  r!  lonsjn:  hetwe-.-n  cloud  seeding  ai  io  actual  rainfall  was  impossible  to  determine  our  in;  the 
i'  1.1.  kAIN  operation  although  there  is  little  doubt  that  the  seeding  of  suitable,  ::uji».-rcooir^i 
o-nv-ot iv-  clouds  had  a  profounu  effect  on  subsequent  cloud  development  in  nany  cases.  Analysis  of 
trie  taU.  kAIN  operation  was  hampered  due  to  the  short  duration  of  the  project  fro;,  a  statistical 
rainfall  analysis  point  of  view  and  to  the  lack  of  a  uense  rain-gauge  network  or  a  calibrat'd  h-t.arvl 
weitr.j!  radar  for  the  operation.  However,  of  the  25  missions  on  winch  flares  were  expended  and 
:  .  .It  .let- ruined,  ly  (7b*)  gave  evidence  of  enhanced  cloud  growth.  t.f  the  six  missions  where 
little  >\  n.  cloud  growth  followed  seeding,  all  took  place  rn  the  first  week  of  operation.':  when 
c  aiv.vt  ion  in  the  target  area  wtas.  generally  suppressed  anu  only  marginally  suitable  clouds  were 
available  lor  seeding  (Sax  an  i  Cress,  1  y 7 1 ) . 

txpiience  m  Air  force  eloud-serdin-g  operations  lea  the  yth  'weather  Keconiiuissance  V.inq  in  ly/4 
to  bullish  criteria  which  could  be  useo  on  operational  seeling  missions.  IX-spi te  the  many  variables 
involved,  it  was  expect  «i  that  the  majority  of  clouds  would  rcsf»na  favorai.ly  to  seeding  if  the 
following  criteria  were  met: 

i.  The  cloud  should  be  cumul  i  lorn;  with  a  top-to-ba:  e  dept!,  of  at  leant  lu,ei)o  f-et. 

The  cloutl  should  have  grown  to  at  least  the  -4°C  isotherm  level,  t.ne  punt  where-  silver 
looide  becomes  an  effective  ice  nucleus.  IV*  cloud  should  not  have  grown  past  the  -2o°C  isotherm 
level,  the  point  at  which  significant  conversion  of  water  to  ice  begins  to  occur  !y  natural 

c.  The  cloud  should  possess  a  hard,  caul  if  lower  appearance  innicat  inu  a  "neasui  ai  !•:"  lieu  id 
water  content  C’.neas arable"  implies,  the  observation  of  water  impinging  on  the  windscreen  of  me 
aircraft  after  penetration)  and  be  m  a  youthful  stage  .1  its  lit*  cycle. 

si.  I1:o  diameter  jf  each  cloud  turret  to  ;»■  seeded  ::.h  nulo  i>.-  at  least  one  and  a  half  miles. 

IV-  cloud  turret  should  possess  a  we  1 1  -del  meo  updraft  region,  .lot or :  ined  :  y  iii  .tjI  t 

pent- 1 rat  ion. 

Then--  criteria  woul..  assui  -.-  the  .max  iT.un>  possible-  success  in  xorat  io\..l  cloud  .T-tdmg  if  sue*, 
attempts  were  :r.ade.  They  were  not  intended  to  imply  that  clouds  which  u id  not  me-t  all  t : ■  .u.tv. 
erit-ru  would  not  respond  to  swam  (ywKW,  lyv-l). 

1  reject  slOhi'iFL'kY 

•It:-  o tract  ivo  idtential  of  -  v-.-i!  reiat  iv-  1 ,  we  .A  .hut  i  i canes  or  typhoons,  l  ‘  .••*»  1  i>  .le  d-A  the 

losse.-:.  t  r  in  just,  one  can  bo  large  enough  to  d-tet  7  me  the  success  or  failure-  7  .  small  nitiu:.1: 

.-/en.iry  and  o  lei  a.  snorrou.  human  sift-  rm  .  The  average  ennui]  oirt  of  n.u  r  icara  .lam. a.;,  to  the 
whitts!  States  runs  around  $45u  million  annual  ly  with  over  thro"-  tic*-:',  that  amount  data:.'- 
r-  suit  ir»|  tr-w  tlie  (.-fleets  of  an  int--i.se  i.arr  icon-  <.•:  hurricane-  h-'-t  ( lyt  >)  or  uii  i  lean. 

Ja-tillr  (lyt,y)  (Sh-ets,  n.d.).  The  cost  of  h  iiian  naff-ring  is  bes-no  o'-flca-;  ion.  Pt  oj-ct  ST .  -i<-il  UKT 
i  .  "i  sc  lent  i  f  io  effort  to  f  irk!  t  chnioues  for  reducing  tlie  mt-n.it>'  if  .  ever-  li.ipic.il  eye  1 .  met  oi 
alleviating  such  if  th>-  suffering  ar»i  loss  the,  groo  ic  . 

1'1,1-ct  ST  K-.HuhV  r.od  it:  tom  a!  bedinnin.is  ,s  o  joint  (X-par  fjr-ont  .-.f  Oimmei  :e  and  I*  Ui  r  tme-n ;  of 
in-f-niA  i—av, )  project  u-.v  l.jnol  t  >  -x.-lor-  the  structure  .,nu  ayna;;  ic;.  ot  tropical  stmic"  am  t- 

I .  t  -  ■  t  -r  1 1 1  -h-n  j.ot-nti-1  tor  modification.  ir.m  tin.  farr.al  inc.-pt.  im  of  th.  project  intil  1  y .  a , 
A.-,.,  par  M.-iiwit  <sl  in  a  sup-part  iv-  role  by  sup,  lying  a  1  unit*  if  hunl  ot  ot  aircraft  tor  hurt  icut,.- 
i  •.■i-onn..i. anu  i>  tenuity  ir.-u.'-ir -jr.. -lit .  In  >.-.-t.  ii.p.  -i  1  171,  An  lore;  wt-.th-r  1 1 -cimn.il  oi'- 

I I ,  .  -  r  if  i  fort  ici not'd  in  th-  seeding  of  iiurr  lean-  dinger  (il.uty,  fy-4  .no  oh-*  t  s  ,  r.  -  :  - 1  . 

i- >ur  rm  lean*-,  wi.-i-  .-.-o.-:  under  Project  3TiW,H>V  1 1  -  w ;  lytil  ‘niou-.h  1 .  :  i‘.n  *  lc.m.  ■  ■  ■  '  s>  i 
■  J  yr>  1 1 ,  Iiurr  loan--  Beulah  (lVO)),  hurricane  Udibi*  (lytjyi  ,  ..no  iiui  r  icon-  -ano.i  Usili.  V,.t  -.  in; 

.if  ucc.  s:  w>:  r  -  nbservuo  lull  n  ev.-r,-  -  ;  xc*.- 1  on*  run  d  i-ns  o!  r-Oa  ti-s  m  wi  ;  ; 

.'-'(!  ‘  servo  oral  titer'  was.  n—  evidenc:  of  a;i  in<:r.  as*  m  wim  ;*  i  xc-i.t  I  t  .in  ;,  i  ,  »  i  . 

■.  -  involved  : i  ■>  i  l  i>j  in  >r  near  to-  woll-clo.jd  :tijct  a-  of  '  h>  imii  i  i.  as,.  .  1*  i-  -  in:-i  i  os  ■  .  '  f 

-.*11.-11  -Xfwsr  i;;i> -nts  were  j*-rfor;ud  on  a  jrx»r  ly-d--f  m-'d  anu  oil!  ti  ;  .1  ,-l  s-  w*  ss  s-.-a 

.  i  r  -<  i  .  ,i ; ..- 1  l .  or,  w  i  *  1 1  a  r  <  -:ul  t  ,f  ‘  i  .*  Ilur  r  ic  ail.  I  -  it  i-  r  l  n  •  -i  t  i :  :  ■  ■ :  f .  i  ■  .  i’-i-  !*  ■  s 

.-,*nri:  xs*-r  ir...-r,t.  w.--  r  -  the  uni,  on-  c  >ndu.:.*:  m  .  ;.n  :s  :  *:,i  s  ;  -  i::  1-  a:-  — -  -  ‘ 

:  HPi '  I-  V  by'j  of!.-  ; .  I  ,  n.d  .  I  . 


Tl."  S'LOKY.hUKY  :,,;«)tric:;] hac  icon  ilovi*lofx.<i  t-  ox:  lain  a  i-roce.S:  hy  which  tin.-  inh  nsi'y  oL  ■ 
liuiTK'jrii,  .-an  tv  rctut'Cd  for  at  least  a  short  tune  jx-r  iu:  (b  to  la  hoars,.  'li«-  r.y^ot  is  ha: 
ji  <iei  n  in* '  ;ix>.i  t  lcations  jc  wire  outa  on  the  >:t  loots  of  !. unlearn  soodimj  ami  our"  enowlouju  ,f  li, 
.-structure*  .if  hurr  icanes  has  hour,  oounmo.  In  nonoral,  tho  n.ld-lV7o‘fl  »nu#'U<’i  nyioti.csin  „an : 

a.  Clouds  are  i~  eeloii  .  u'.vvjto  (away  t  rexi.  the-  stow  center)  liom  tin.  ext,  r  [ ....  1  <1.0  of  ,j  mat. in 

hur  r  leant?  eye  wall . 


h.  Ihu  sum  resided  water  in  the  soouen  cloud  freezes,  latent  heat  of  fusion  is  r  el  r-aser; ,  tv 

iKio/ancy  of  the  cn./sr  (ortion  of  the  clou)  increases,  am  increases!  ascent  result-.-;  in  incrs j 
cundens - 1 ion  rates  arm  cloud  growth. 

c.  f1.-  sr.Aleil  cloud  react  -s  the  outllow  level,  [;rovidin.j  a  conduit  tor  the  it.ei  j  • ,  r  veiti  ,h  : 

tinnsiort  .,i  1  laraei  i  ariiu-  . 

o.  I'n  old  •  ,---wulL  cnculation  weakens  uS  the  vertical  Tias- :  tr.iiiiniort  is  cono-ntr jl-e  in  ee 
seeeiuu  .•laud.,,  .mi  tho  e  .1  si.li-n.v  in  the  eye  decrease's. 

■  .  six  1.1  win.;  yn..'  a-  rniuenl  due  to  in  martial  cnrice-i vat e m  of  angular  lemient an  :.n  : 

tin  its"  r  -is . ;  ••no'  r  it  .:  •  ifjcier.l  .. 

!.  c.-  it  •  .:  :  1  *1  ..  e  •■  i...  wind  .isio  te:r.; »  -r  at  ur  •  -  In  Id::. 

■1.  finally,  to  .  ton  starr.  to  return  f  it:  nut  ural  stats,  as  ietet'a.ir.ee:  tic 

s  .;.  .-of  1  --.V  .  1  •  1!  ■li'  f,  0  t- >  !  3  aout  .la:  to  *  1U1  •01111:. 

rarsiiu)  cis.i  •  1  >:  t ;  •  dcJMst- .. Y  h/mto  sis,  hurrisas-  1:  <xi  1 1  leaf,  ion  1  e;;cai  c.n ,  11.,:!  u-aim  nu  •.  r  10. a  i 

1  .  ul.lt  i  ansi  :  is.  !  .  ex:,<.  1  lures'  1-.  nt-.-viou:  ,c-.rs,  ;  Uj  is:  is  teat  the  liax  i:ti.cr  winds  ir.  hul  l  ic 

Can  s»>  red  act'd  re  !••  i.o  is.  per,-.  r.»  wl  ••;;  t Iv -  t-iopei  clrah  ar  .  s« -eden.  .->i ne‘> •  the-  totce  ot  the  wish 

Vj!  le  •  Wits  'is  )|  • 1  •  win  i  'sued,  r  erne  t  r  -n:  ot  h.  to  do  r'  rcent  will  resal  r.  in  a  nenst  n,n 

or  It  to  Jo  [nstcs.cc  ir.  t  h.  •:  ...t  a.:  1  tvs  ot  the  wtntir  with  a  cn-pui  ah.le  n-iuctlojT  in  nasai,  ....  to 

wind:-;  (sr.sets,  n.d.'. 

is-'  lit  t!  lit.-.  1:  Project  - ,  a.-'itir-Y  least  *1.:  ,.oo'.;!.;  Orta  1  I'M  data  ■•’.  i.jiiniv 

ti  .1:.  am-,  i'sfvvm  .;nx*i3ttar  s  .mi  tes-hnini...  Ir  •  --.im  o;  ■  1  r  ;..in::  when  t  ..e  .  ar  ■  ■  :  ■  .  . . . . 

: .  -  •  ■  ,  ; , ,  rj .  ,1  .  \n:.  t  1  it. if  :  ~ *  T  .'’I  i  uh  i  l”u.  ir  -x  -  t  .  ‘  f  .•  '.c.onal  si  e . 

a  in  is, ft  at  isT.  'v'-.nsd  am  ti.e  hjt.ion.il  oceanic  mi  -V  t .  s  :  ;s -t  i.s  A  is.  m  1  st  1  c  l . .  r.  jV,A\;  r  .'mrs 

iircjft  wits  hi  -  )!:-d- 1  ty  slat  :  as?s:  . :  '  i  *■  ior  capa:  il  if  n  sid  .uom  tic.C'si  msti  a.-";,  tat  ioi.,  .•'.:: 

i-oi..s  oart  lciieit  ion  in  t  .it  ir  •  sr'iM!  .s':  operation.;  i  ex;ssta:  t'  medv'-  t.i>  siiec  lal  1  y-s  miiissi 

.••.„!•..;  - 1  .lap.  due  t  ■  'h'  lnct'  .v;  .1  /  lilt  ,  si  it?  ;  •,;••:■••  .•  ns  ■osiiai  t  .  thoss  t  •t:.-  r  hi;  K.t  1 

W  -1  is  itr.-raft . 


i.s- 1  us  tor- 


,v  .-is  is,  s  •  r.  f  r  t.’s  or  eel's  nisei:.  ,icn.  ,  w_  .  sr  •  t  nituvei  Ir  ><:  to.  >  'a..';  '.  ;c  n>  .:.  •  : 
war  !.v  •  caoahil  i  -  i:  •;  1  ,’.ate*i  i.,  a-'wik--  firtior,  writer:  :m;  o.s.iie  ol  ti..  lee.  r  on  :  1:  1  •  i.sst 

>f  t  si  -a:  an  ]■  it  1  ns  .ec  .1.1.  '  t  :  •  :  ,  M  s-  .  ur  1  enf  sinai  1  I  1 1 .  to  a  vl  1 1  .  w<  . :  r  :  •!  .*  no;  ••:  ;  is  1  s  h-s 

to  r  •:.■;  it  s.iiall  jp  .j.-.  and  .shenoiitna  which  cxliird’  s  vvr.  -mail  ranao  it  vari  .:  un  in  t  n-  1: 

•  i  .  ir.isn  11  ■■■  •  :  cr .  ;-v’:i  t.hi  iiior.t  n:  i  1  r  iou*t  M.uhnc.r  :»>  :■  i  i  lent  is  in  •!!.  it  •  •  x-' s  ,1  1  :  n  i  in 

f  1  o  ->'!(.  irr-'f  f.'i  l'i's  .sc.  •  sci..;  ur  -r  iff:  ..ill  I  at  !i"s'.  cur,  i--  sXf.'evi.'i  i  1: 1  ,i-  i  1  lisi'c.  t,  . . !  * 

s  i  ■„  ,  :  *  '  1 :  ti  ■  ■  :  1  1  i  .  .  UM  uii  t  .  • ;  1 1  (,t  rv  w. .  it  h>  i  Tool  ‘  1  s  ■•'  1  on  •  •  .dm  1  i-  -n  ]  ■,•. .  1  .  '  i  •  • 

,  •  m ;.  -  ,f  :  ireful  c.isntili.'  e  onus.,  invest  1  ijtior.,  m:  sxu  rnirfit  n  inn  .m.  lev  ■  o'l.i1  ."i  1  i  '  .  •  • 
e'.i  e- riser  », it'll  ne-sf-S'  '  in  su.,'  .  1 1  •  >t  t  t  .  Coni ,  d  r  'is  at.:  •::(.'  1  K  ;  Is  n-so  :■■■■  •■•'.  :  d.  .!•■.'• 

-.1  rnlv  ■<  1  -  r»‘‘-  .  onuetl,  tv  nr  I ,  a.-tivi  on~  1  :r>.  oin.-r.it  i«,t.al  '.■■■■■•  1!  it,  i  hut  A.c  ;  . 

.a  its'  1  oil  l'SsM'S  1  tl.e  di  -u,  ,11'"  ,u  ,SI  1 0  f  , 


( 
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I 
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] 

j 


It  .  i  .  >  'll.1  ,  i :  j  s  i!.t  f  i  1:  .  i(  t  ■  ‘  i  !  i !  1 1 !  i  J  w  dr,i  nvunn.il  ■:..irn:<  ■  t  I  >-<'t  l  ...  i.  » r - 

c  ui’.  s  t : ..  .  "t  *r  i ; » > '  yst  - 1:  s  Jill  c  ,.i :  end  lota  imuction  pr.x'i  ■  ur.  s'.  tu  provide  tty-  t/i<  .1 

•  .  i : _ -  .  l  •  .  ;  i  it  .  ul  i  ■  i,.t  j:« i  :  y  .  ji  i  nt  tu, .  -»-it  i-  ipat'ii  turecu.'t  ’ <i;hn l  ;  n- s  .  '!*.• 

if.;;’  .  j;  f>  J  ;  .f  ■  ,7  I  I"  t  !:•  1  -  i  1  it  lit’-..'  jflJ  jiVJf  J',  li>  i  ’<  SSa  f  V  !  Ill  •<  t  ;l 

!  e  '  ,  •  i  l.-i’  :  1 1  1  ,r.-  1  y  /  ■-  -  * .  .in.  t  'ill,  ln.-iu'i.  jn.l  jri  hail, pet  eu  1  y  t  : ; . .  •  r ,  *  l  j  1  i  > 

>as.,L  lit  .I-: ''ii.'t  i. ''  t  <  vnr.  l-au.  -  :,>«  usol,  :.;.roviii  j.  they  are  sy  t. :  j-  ■  st  t  n*  ■  iv.-w 

:■  M-i  j.'m:  .  ill  it  j;-'.  i  *  r  n »  h.hhr.  I>  h  1;  at"  r,o  lung.-t  ir.  pr  jiiuct  lur.  arm  m  ■ 

,  til;  :..t .  iitti.ilt  t,  h;i  in  r  •  ■  1  I  .a:  1  •  ..per  itmj  Corel  j  t  ion.  The  at.  lilt/  A  *  at  r..  t 

:  s  i , ;  1 .  1 1  .  SOWS  pt  ,vl  1'  .all*..  nt  i  i  leCijnnil  heJVlly  dependent  «jl  ujj'I  jtur  ..mil  K. 

;  m  <  ■’  • '  n  >  i  ■  ► ,  i  s  il  y.'t  •  i;  1  ri.it  it  urn.  . 

1  i  i;  1,*  j  i,  i  v* if  weai.,-r  r*  ■'  tilt;.  1 1  ..lane*  torc’.s  :n  j  l  ss  hai:  :.*  t  sn ,  vvniely 

,  ,  >.  ,.m;  , ...  ,  :  .  Um  caii.-nt  con.  aiucjt  l  m.  :»  t  hod:  .m:  ;  r.  vociji  e.;.  used  t.j  t  ran. ‘ft  it  <jLj  to  1 he 

■  ;  ;  .  .  '  ■  j;..  t  t  )  .it:,  i  in.  It  At.-:  an.  j.  1C' —ladle  cuumijn  lout  1011:1  are  oi  Ject  to  wl  :‘-l, 

.  n  ,:i;  i  .  .  i  i  1 1  i  n  cornu  ri  1 ;  ‘  sri  i  t :  -  handlim  il  lata  jt  two  >r  more  points  ny  ti  j:T-jn  ou,rjt,r 

;  i  ■  ■ ;  ,  ;  ,  •  • . . ; .  i ; . .  ■  •  iiii.ii  ili’y  .1  ni,  puriiculai  lly  il  one  of  the  opc-tatur.'  i:.  Jnfaiiliai 

a  .  *  .:.c  i  an:  it.  coded  l.n;;.:’.  .  inti  advanced  lony-ran-ie  c>*Mi.un  icat  ionc  technique:;  i.avt 

:  .  :  i  .  y.. ; .••.-at  ..it,  •  xc- .  t  i  n  jV.ici,  ;.jv  not  Urvii  uitoii  atjoar.i  Wc-1  au  -jircrai  t  iue  t  >  ti,.- 

.  :  c  ;v  ■  a;»  >!  n.mi';  ;  t".i.‘  am  tt>  inar-ilit;  ot  no’.it,-  lionitor  taciliturs  to  hareilu  t  aaio 

•  ;  "i  i.  ■  .i.,r  i.  .it : . *  t  :.i t  .i  in.  v.-i  >  in.  t  iriiji an  .  •rxcesniv*.’  n  lay  m  t-r  jvMinj  aafu  t, 

i’  ;  .'Mil  •  ,.■  t ,  :  jy  1,  .  i'-a;  !>  it;;  allot  lino-:  : .  1,1  a  y'i ;  ul  Oovo-i  al  a  mutoi.  to  oi.vyral 

.  .in  ,v  i  o.  ,  .  .i.ir.  I.-  i.vi  a.-, inj  too  ccit'iit.  ■-■iii.ii.an  icat.  lui'u,  j.rociAiur-: . 

.;  ,t  i.  t.-  t  ;  ro:  1 a !  t oc 1 1 uj  wtuthoi  roconnaisodnco  tif  tectiveness  arc  available  hut 
i  .  -it-  •.  x:»  t-’.iv  t  >  .  ruvi.!o  m  an  i:.ci  oainnj  ly  cost  coniv lous  .'nvironment.  Tv  cx;>;-n:v  of 
.  1 1 ' .  t. .  1 1 : 1 1 ;  i  j  i  A>..iti,  r  r*vor.:ui:5:’.jiv-  cji.jl  ill  ty  l:>  u't-atci  than  nations  can  bear.  Ail  sorts  ol 

.it  •  i.;v  ,.v:  i’.  wr-.itv  t  rccoun.il  -iPonc*.’  .  ij,  i  at  i'  .ns  aixl  ranje  Irian  pr-rsonncl  toirijx.rary  auty 

■i;  •  :  am  it  i:,jI  uicra!  t  ijirntn*!  •i-Xjv’na •;!  to  tin-  costs  ot  tri.  nuoyly  systcu  a r»J  of  tKiintaimrej 

i  i  •  i ;  :  •  t  c  IV"  i ; i  "..i'ic  or  saniz it  loni.  Much  of  tty  .. 1 1<  ct  lveno;::'  of  wcatf.er  reconruiofianct- 

t  :  ■  not  : •  "Val  aatoi  by  con  ,  Kier  l oj  t,h. •  1  act.  ot  avnlai.lv  tuivilOj  tor  lii.orovou  sensors  arm  data 

.in  ;i  pi  -ii  ;.,nonr  irei  for  ■  iec.  i  y i no  aatun atvil  ;y:;te:rc  t.>  acauire  i.atj  on  a  liioh  density  i,aeifl  and 

•  t  ’ii"  it  on  a  raa  1-t  i;i>.  i-ioio  to  tty  ;i.i:v wn  custix’.icr.  bcorew: ic  constraints  are  uerliaes  the  most 

i  i  r;  l :  i  1  ’  ii .  ’  lnirmi  f  vt-.r  ail-ctini  weativt  reconnai  ssanv.  up  i  atiuns. 

Irmi.vir.a  the  Weather  kcconna l ssancc  f>  to'’ 

A  ,if  cone’etjts  fwve  U.-t-n  ,i..-V' iop.u  f  >r  w.pr.n  i:)-y  tf.<  data  acquisition  and  data 

.'  'ij  r.Ku’  l  in  capai  ili tie’s  ot  the  we'-lie  I  Left'  over  the  past  few  years.  As  early  as  l^bb,  AWt.  was 

:  , ;  .ip vi  t  i  develop  "Minimal  troqrai.  tor  IWeloi-irient  of  Sensors  for  Weather  teconnaissance 

'ui.  i  ilt"  which  res’jltof  in  irojvcr  .Sens.;!'.;,  tor  'weather  keconnaissance  Aircraft,  established 

c.  el  >i.i  lv,.  I  to  jest  SI. I K  I,. i  ir,  w.,;.;  initiaten  t  >  provide  an  intern!  improve*,  ent  in  sensor 
c.iuar  ility  in  the  i.d-l  Jo  aircraft  a.,  one  result  t  hur  r  icane  Can.ille's  destructive  rar.paqe  across 
hi  1 :  !'•  Jast  in  1’he‘h  'I he  “ltit'-r  ui "  rii  f.K  hliubb  sen»»r  ;  have  been  in  use  for  most  of  this  uocade. 
in  knl,  ,■  V'.-l  )i>;eiu  )!  an  advancm  systen.  was  inrectr.ii  ano  cul.ruiatai  in  tt>  present  preprouuct ion 
.  1  ■’  h’.'  ,V»  ,Viw-J.  .  vvk,  il  l’.'l  on  a  s.HVjle  Aukh  ..e-lhuB. 

h,  ;  *  .i  i  r  !.•:>.»  ntr.  I  j;  uprovn  wi-iti.er  reconnaissance  have  teen  stated  in  the  dune  1*74  final 

;  i :  i  •  f  tv  hShr  ivi'.’.r  1 1  f  i«l;i..ny  I- -ir.i  Gr-opliysics  Panel  iask  Group  on  Iropical  Cyciont 

i  le,  ■  i  :vii  reaitit  am  in,  n.  Auju-'t  1*7’  IH'[J)I,  Interdripar  tarental  Ad  Hex-  Grout,  he  port  on  Aerial 
i  Pi,’  raiu  i  -  "..in.  .  I  Vi*  niii’.  coni  i  it.  a  continuimj  noeil  for  weather  reconnaissance  and  foi 

u  i;  a ;  mot  i  a, lent  it  i  n,  am  i.,'.i  miliru  techniques  in  unprovirv]  the  el  fectivencss  ol  weat he  i 

•  •  fa i .i i . ■ ,  no  .  Th,  Vj*  lor.ai  iVii-n  .  of  dcience  s,up(ajrteo  the  conclusions  ana  rccammenciat  ions  >,! 

i  :  ,v,  ikk.'  ,r  ,  jp  Keiur*'  n,  a  i  *  vi’  w  ’  it  ;  f  mal  version. 

i.  '[he  AN  AMI- 3 c  Airterry’  w  ati.ei  keconnai ssancc-  System  (AWHS).  Hie  preproduction  version  of 

’;,  AN  AWt-.i  is  uresen  t.  i  y  mst  al  1  ,_.i  on  a  WC-1  JOE  opera  too  by  the  r;3  Wkh  am  based  at  Kceshi 

Aft’.,  v  i  ; .  i  .pel.  !h>  y.  *  ■  r  w,i  n’veloprit  to  provide  a  capabil  ity  to  obtain  hiqh-qual  i  ty  data  in 
is,,  ye.  it,  "xi.vtMl  to  L„  i". ’.ii[.,l  ivy  the  numerical  forecasting  models  envir.aqed  for  the  mid  and 

,  c  in  s  ':  .  I’,  ,‘w.ks  i-  a  .•■«:[. bx  ,n- 1  xp.  n; live  system  that  is  cufial.l e  of  providing  i.i  )ti-a,ial  i ty 

da',,  a*y;:  .roiiy  Aili/.ci.  1!,<  toll  iwj  rr;  twjraqrafjtis  are  in  tended  to  provide  an  intronuct  ion  t>  ■ 
1  ■  y.  t .  it  mi  i  it’  1 1  iziti’>n.  It  i.ui.t  1k;  realized  that  a  ijreut  deal  of  inf  oin.at  lor.  itas  !eii 
out  'ul  in  t ’,  n:  t  •  t‘  s’ ; .  ul  hi  eVlty. 

',.  -  n  i  -i  ix  i  r.t  ■  r  r ,  I  a  t  "d  ':.ul.systen.s:  the  Moteorolrxjical  data  Convert.. t  Group 

1 1 1  i  iht  -1>V"I  is  ,  ensuij  subsys.ten,  (t'USS)),  the  Meteorological  Data  >'onv*’r  tei  dioup 

,v..r  *  |.  ■  i’-pr  fil-  vnsm  ;  i  .s.ysi'j:  (VPSS)  )  ,  Navigation  Computer  Set  (navigation  siihsyston  (NS)), 

i  I  01,11  ir.iri”!  if  t.-r  Iruui  (cortnun  icat  ions.  subsysieT.  ),  Data  Analysis  rentral  (autonut  ic 
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data  processing  subsystem  (ADfS)),  and  the  Control-Indicator  Group  (mission  controller 
console/display  subsystem  (MCCDS) ) .  A  reasonably  complete  list  of  subsystar:  components  is  - j  1 yen  in 
Table  11.  A  very  simplified  block  diagram  of  tht  AhkS  is  given  in  figure  lo  (USA! ,  ]y7l). 

Most  of  the  system  controls  and  indicating  equipment  are  located  at  four  points  in  the  aircraft: 
on  the  flight  deck  navigator's  panel;  at  the  flight  deck  auxiliary  AHm'O  position;  on  u  large  AfV»c 
console  in  the  forward  cargo  compartment;  and  at  a  dropsonde  system  operator's  console  in  the  Cargo 
compartment  near  tile  right  paratroop  door.  The  flight  deck  navigator's  panel  contains  the 
navigation  control  Indicator  which  provides  user  access  to  the  navigation  computer  anti  the  ability  to 
monitor,  insert,  update,  and  display  navigation  data  from,  the  navigation  subsystem,  The  auxiliary 
AttoO  position  contains  a  few  backup  sensor  indicators  (such  as  the  SCR-71U  radio  altimeter)  art!  a 
"dedicated"  display  panel  which  provides  an  alphanumeric  display  of  time,  position,  heading,  and 
altitude  information  received  trar,  the  AD  PS.  The  cargo  compartment  Ai-JvG  console  contains  controls 
for  activating  Ahkb  subsystems,  system  components  in  an  equipment  rack,  a  keyboard  for  entering 
CGTimands  arrl  data,  a  medium-speed  printer  tor  aata  output,  a  dedicated  display,  a  "commune"  display 
on  wfiich  selected  alphanumeric  data  are  displayed,  a  repeater  rauar  scope-,  an  u-1  v  camera  for 
recording  radar  presentations,  ami  auxiliary  equipment.  The  dropsonde  system  operator's  console 
contains  controls  for  the  vertical  profile  sensing  subsystem,  a  keyboard  for  entering  coniitands  and 
data,  the  PRT-o  indicator  and  shutter  controls,  the  radiosonde  receiver,  a  high-frequency  radio  set. 
control  panel,  other  elements  of  the  communication  subsystem,  and  auxiliary  equipment. 

The  AhRS  is  capable  of  providing  high-quality  data  at  frequent  intervals  along  the  airciatt 
flight  path  and  has  a  navigation  capability  that  is  super ioi  to  that  >f  tine  rest  of  1 1.<  v<( -1  n, 
fleet.  An  inertial  navigation  system  and  Omega  navigation  system  are  usoi  to  provide  navi  ut  ii.r.al 
accuracies  on  the  order  of  2  to  4  MM  under  goon  conditions.  'Ibis  navigational  accuracy  i.  -oi:i  iu.<i 
with  the  ability  to  generate  quality  high-density  meteorological  data  ana,  if  tin.  receiving  sit-  f, , 
a  radio  teletype  capability,  to  transmit  the  data  quickly  ana  accurately  to  a  mission  cue.  m-i  . 
Against  those  qualities,  the  primary  drawbacks  to  the  AhkS  include  the  exiA-nse  of  procut  nn 
maintaining  the  system,  the  awkwardness  of  an  input-output  system  using  a  .icuiam  .  rmt-i 

(which  .r.uy  use  upwards  of  three  rolls  of.  paper  per  mission),  the  lix'ation  ot  thi-  AkVkj  m  t 

cargo  enmparhne-t  with  an  inadequate  view  of  the  observation  area,  and  the  installation  of  ■ 
system  aboard  a  limited-range  WC-130B.  Of  these  drawbacks,  the  cost  ot  the  oyster.  general  1. 
preclude::  its  installation  in  its  current  form  on  the  remainder  of  the  WC-1 10  fleet. 

b.  'I tie  Improved  heather  Reconnaissance  system  (IhkS).  "he  need  for  improving  tin.  cut  i  ere 
weather  reconnaissance  system  capability  has  been  recognized  for  many  yearn  and  Ltie  sl.ur icon  mgs  >t 
the  current  "interim"  system  become  more  evident  each  year.  In  December  lv7b  the  Military  Audit'. 
Command  produce!  a  document  which  described  the  weather  reconnaissance  capability  expect'd  t 
required  in  the  near  future,  the  shortcomings  of  the  current  systur  ,  ana  the  capabilities  reouiteo 
of  any  future  system.  The  improver,  system  described  in  the  RGC  is  generally  referred  t.o  an.  the 
Improved  heather  Reconnaissance  System!  (1WKS)  within  Air  Force  weather  reconnaissance  activities. 

IaKs  is  still  largely  a  concept  witti  hardware  development  and  deployment,  awaiting  t  uniting.  lack 
nf  U*IC3  funding  in  a  viable  system  form;  may  result  in  the  adapting  of  new  instrumentation  to  th. 
current  hC-1  M  system  in  an  attempt  to  provide  some  of  the-  capability  ot  a  complete  IV.RS.  A;  an 
inoication  of  some  of  the  features  of  a  modular,  integrated  IWIcS  the  following  list,  el 
character ict ies  of  the  desired  system  is  extracted  from  the  ROC: 

(1)  7m  lmprovai  navigation  system. 

U)  Improved  win.,  determination. 

(j)  Improved  flight-bvel  sensors  for  more  occur  at  <  measurement  .if  met  i  .« 1 .  ic  .1 
parameters. 

(4)  the  capability  to  determine  vertical  wind  profile's,  below  t  1  l  < tit  level. 

(a;  Automatic  data  processing  ami  display. 

(»,)  Improved  t-  1- cm  nun  ic  it  ions,  for  transmission  of  wgitln  r  iota. 

(7)  Improved  iquipment  maintainability  unu  id  lability. 

(ij)  Growth  iMpat.il  ity. 


TABLK  13.  COMPONENTS  OK  THE  AN/AMQ-32  A I RBORNE  WEATHER  RECONN  A 1 SSANCK  SYSTEM  (AWRS). 


MAJOR  S  OBSYSTKM  COMPONENTS 

Meteorological  Data  Converter  Static  Pressure  Sensor 

Croup  OU-93/AMQ-32  (KESS)  Differential  Pressure  Sensor 

AugLe  of  Attack  and  Sideslip  Sensors 
Hydrometer  Control  Unit 
Hygrometer  Smnpl  ing  Pump 
Hygrometer  Kilter  Drain 
Hygrometer  Flow  Control 
S ignal  Cond  it  ioner  Am pi  it  ier 
AN / APN -42a  Radar  Altimeter 
PRT-o  Precision  Radiation  Thermometer 
Linear  Actuator  and  Sea-Sur i .u:c  TemperaLurc 
Control  Panel 
Probe  Heater  Controls 


Meteorological  Data  Converter 
Croup  OP- 94 /AMO- '32  (VPSS) 


AN /AMT- 19  Radiosonde 

AT -89 6/ A  Antenna 

Rad  i  osomle  Ke«  e  i  ver 

Rad  iosonde  Decode r 

MX- 9 1  3  3/AM*)-  1 1  Radiosonde  Dispenser 

Radiosonde  Dispenser  Control  Panels 


Nav L  -at  ion 
AN/AYK-12 


lomputer  Set 
(NS) 


Meteoro Log  ica  t  Transmit t  er 
Croup  OT-72/AMQ-32 


Data  Analysis  Central 
AN /AYE- II  (A DPS) 


Cont ro 1  - T nd  icator  Croup 
OK -2b0/ AMo- 32  (MOODS) 


Navigation  Control  Indicator 

Roce  iver-Conve r t  er  Croup 

ON  - 1  '3 !  9/ASN-  l  0  3(  V)  Inertial  Measure  Knit 

PP-A4  l  A/ ASN-l  03  Cont  ro  1  -Power  Supply 

AN/AYK-A  Oenoral  Purpose  Com put  er  (Navi, -.at  i 

N  - 1  Com pa s s  S  v  si  em 

AN/APN-147  Doppler  Radar  System 

Inertial  Navigation  Control  panel 

Antenna-Coup  1 er 

Liaison  Common icat ions  Set 

I ntercommun icat ions  Set 

AN/TOC-29(V)  Teletypewriter  Set 

TSQ-93(V)  Di st  r  ibutor-Iransm  i  t  t  er  ,  I  »•  let  vpe 

CV-786/TRC-  75  Converter-O.sc  i  1  J  at  or 

AKWO  Communications  Control  PaiuC 

WO  Communications  fontiol  Panel 

HIT  Transfer  Control  Unit 

I n t erconnec tine.  Croup 
Reniot  e  Ana  1  og  - To-D i  g  i  t  a  1  Con  vo  rt  er 
AN/AYK-A  Cem-ral  Purpose  Computer 
TT-bAK/AOC-n  IV 1  t-t  vpewr  i  t  » •  r  Keyboard-  fransm 
Medium  Speed  Printer 
Paper  Stor.i.;i’  Kn  i  t 
Mac.net  ic  I'apt  Control  Panel 
Tape  Annotation  Switch  Matrix  Panel 
Status  Panel 

1  i  ght  i  it;;  Con  t  r>»  1  Pane  I 
Power  Con  t  ro 1  Pane  1 
Display  freeze  Panel 
It  i  s  pi  a v  Con  i  ro  1  I'  am  - 1 

Annum-  ia  l  o r  Pane  1 
Command  Display 
Ded  icat  ed  I)  i  spl  ay 
.\N/APN-f>9H  Radar  Set 
>-15  Camera  System 


Af. 


Shut  t er 


on) 


wr  it  er 


The  improvement  in  WC-liU  weather  reconnaissance  effectiveness  resulting  from  an  1KKS  capability 
would  generally  match  that  resulting  from  a  fleet-wide  deployment  of  an  AWkS. 

c.  Other  Improvements.  The  use  of  the  Hewlett-Packard  Hk-y7  calculator  has  greatly  speeded 
data  reduction  aboard  the  WC-130.  Special  programs  have  been  developed  and  have  eliminated  much  of 
the  paper-ann-pencil  effort  previously  involved  in  data  reduction.  As  a  result,  more  accurate  and 
timely  information  can  be  produced  on  tropical  cyclone  and  other  missions. 

Installation  of  Onega  navigation  systems  on  VC-110  aircraft  should  provide  an  improved 
navigational  capability.  This  unproven  capability  is  especially  desirable  on  tropical  cyclone 
missions  and  in  areas  where  coverage  by  other  navigational  aids  is  limited  or  nonexistant. 

A  wind-soundirg  capability  is  the  subject  of  another  HOC  developed  in  May  ly74  by  the  Military 
Airlift  Command.  The  requirement  for  such  a  capability  was  identifier!  as  early  as  March  iyg2  and 
was  included  in  the  sensor  requirements  for  the  AWRS.  The  feasibility  of  operational  techniques  in 
producing  wind  soundings  beneath  aircraft  has  been  demonstrated  and  developed  by  several  agencies  in 
recent  years.  The  wino-soundirq  capability  proposed  in  the  hay  ly74  1<0C  also  forms  part  of  the 
desired  capability  of  the  IWRS. 

Conclusion 


A  continuing  effort  has  been  made  to  improve  the  quality  and  effectiveness  ol  the  Air  Force 
weather  reconnaissance  effort.  New  concepts  for  improved  systems  have  been  proposed  and,  in  the 
case  of  the  AWRS,  developed  to  a  point  just  short  of  installation  on  the  entire  WC-liU  fleet.  The 
current  SEEK  CLOUD  sensor  systems  are  rapidly  aging,  no  longer  in  production,  and  have,  in  some 
cases,  begun  to  demonstrate  unsatisfactory  relability  in  the  operational  environment. 
Implementation  of  an  advanced  system  is  badly  needed  at  a  time  when  the  data  requirements  of  weather 
reconnaissance  customers  are  becoming  more  stringent. 
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Barnes  Engineering  Company  PRT-5  Precision  Radiation  Thermometer 


1.  Temperature  measurement  range  (QC>: 

-30  to  +10  (LO) 

-10  to  +40  (MED) . (Normally  only  this  scale  is  calibrated  for  operational  use) 

+20  to  +80  (HI) 


2.  Accuracy  (°C)  :  0.5 

3.  Response  (Time  constant): 


Bandwidth 


Time  Constant 


0.3  500  milliseconds 

3.0  50  milliseconds 

30  5  milliseconds 


4.  Reference  temperature: 
45°C  ±1/2°C 


5.  Ambient  operating  temperatures: 
-20°C  to  +40°C 

6.  Filter  band: 

9.5  to  11.5  microns 


7.  Field  of  view: 

2  degrees  (nominal) 

AN/AMQ-34  Dew-Poi nt  Hygrometer 

1.  Dew-point  range: 

-50°C  to  +5U°C 

(The  lowest  dew  point  which  can  be  measured  is  dictated  by  the  ambient  temperature  at  which  the 
sensor  is  operating.  In  general,  the  system  has  the  capability  to  measure  dew  [mints 
corresponding  to  10  percent  relative  humidity  at  aircraft  skin  temperature.  At  an  ambient 
tanperature  of  +20°C  the  lowest  measurable  dew  point  is  approximately  -20°C.) 

2.  Accuracy: 

+  0.5°C  at  ambient  temperatures  alxovc  or  at  0°C 
+  1.0°C  at  ambient  temperatures  below  0°C 

3.  Response: 

TTie  sensor  mirror  typically  cools  or  heats  at  a  rote  of  2°C/second  at  nominal  depressions 

4.  Depression  capability: 

3b°C  at  27°C  ambient  t+mperatur";  depression  capability  drops  1°C  for  cacti  1°C  reduction  fioir 
27°C  amfjient  temperature 

5.  Hcpieutatu  1  l  ty :  ♦  U.5°C 
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t>.  Ambient  temperature  limits: 


Control  Unit:  -2U°C  to  +6u°C 

Sensor  Unit:  -ou°C  to  +7U°C 


1JU1A  Pressure  Transducer 
1.  Ambient  temperature  romye: 
-4U°F  to  tljU°F 


hi‘[»’Ut  lb  il  ity: 


u .  l  *  t  u  1 1  :  o'  a  1  e 
1 .  ;er:  *  Kit  ;  ■  ill : 


I’.:  in  1 1  • 

4  .  Ni  i ; .  1  -le.ii  1 1  , : 

■  •  t  .1  i  .-ale  maximum 


1  it. 


:•  t  .  i-.  ..  /  it  1 1  li  e>t  conus  at  l  o  psia 
-\b  A>ri  -  1  i  i' Jill  riuj  sonde 

1  .  hi  ■  i  :  b  t  : 


4.  1  i »  uno  ; 

2.  At  it*  in  | ii  r  ic  n-ejCiJrijneiit  r  an.  jo : 

Pn  it  •  :  1  uu  to  1U6U  mb 

T'eitii»o  at  ur  i.  :  +i>  >°C  to 

kelative  Huniility:  r>«.  to  lUOt 

i.  aaaio  ti  unsmiuer : 

keijtivr  Uunidity  Freuuency:  4u2.b  ±  1.5  Mhz 
Type  of  Sional:  Pulse  tine  modulated 

Pulse  kepetition  Freouency:  Variable  24Uu  Hz  to  bU5U  Hz 

4.  Battery  life: 

Approximately  2u  minute:' 

5.  Kate  of  fall  (stain  1  iZ'.'d,' : 

40uu  feet-per-minute  (averjqe) 


The  mater  ul  in  this  appendix  has  been  bused  on  manutactur  er  's  pulil  irat  inn 


GLI  rSSAKY 


AuPS 

AM.; 

ATCkL 

AF'GWC 

AFKF.S 

AFV.’i  .a 

AIMS 

AFT. 

AkKS 

ARWC 

ATO 

AukS 

AWS 

AuSPE 

CFHC 

Ck‘I 

UUC 

DOO 

KPFC 

fc/IA 

FLSS 

F'PiM 

HF 

Uj 

IWkS 

JlVvC 

LOPs 

ma 

MAC 

MCCDS 

MPH 

NASA 

NCO 

NHC 

NtiOP 

NMC 

NCAA 

NS 

CAT 

PMFL 

PkF 

PhT-5 

KC 

KF.CCO 

WT 

rms 

kOC 

KPM 

lyT 

kl.MV 

see 
sec 
SI  .p 

s  rot; 

PAS 
TCH, I, 

IjS 

I  ISA  I- 
bSN 
VI'S.' 
WMe 
A  K I 
.VIC 
Al4v 
ASM  i. 


automatic  data  processing  subsystem 
Air  Force  Base- 

Air  Force  Cambridge  Research  baborator  les 

Air  Force  Global  Weather  Central 

Air  Force  Reserve 

Air  Force  Western  Test  kanqe 

aneroid  altimeter 

atitost>her  ic  research  equi,nent 

Aerospace  Rescue  and  kecovery  Service 

Aerial  Reconnaissance  Weather  Officer 

assisted  take-off 

Airborne  Weatner  keconna insance  System 

Air  Weather  Service 

AwS  Primitive  Equation  Model 

Central  Pacific  Hurricane  Center 

cathode  ray  tube 

Department  of  Commerce 

Department  of  Delense 

Eastern  Pacific  Hurricane  Center 

estimated  time  of  arrival 

flight-level  data  sensinj  subsystem 

feet  per  minute 

hiejh  frequency 

■Mercury 

Improved  iwather  Reconnaissance  System 
Joint  Typhoon  Warning  Center 
1  ines-of-posi t ion 
mil  1 1 ampere 

Military  Airlift  Command 

mission  controller  consol  e/d i splay  subsystem 
miles  [jer  fiour 

National  Aeronautics  and  Space  Administration 

noncommissioned  officer 

National  Hurricane  Center 

National  Hurricane  Operations  Plan 

National  Meteorological  tenter 

National  Oceanic  and  Atmospheric  Administration 

navigational  subsystem 

outside  air  temperature 

Precision  Measurunent  rquiinnent  (.al -oratory 

pulse  repetition  frequency 

precision  rauiation  thermometer 

resistance  capacitance 

weather  reconnaissance  coo- 

Researcti  FI  iqht  Facility 

root-moan-squaro 

required  operational  capability 

revolutions  pi  minute 

rece  iver/transmi tter 

He.'e’ue  and  Weather  keconna issance  Winq 

Storm  Coordination  Center 

Special  Equijjment  i^vrator 

sea-level  pressure 

standard  deviation  of  error 

true  air  a-d 

Tropical  Cyclone  Plan  of  tin  bay 

Uni  too  States 

I'nif.cl  States  ,'u  I  F'-uo- 

United  States  S'a'-V 

vertical  profile-  nr -ns  in)  subsycteir 

World  Mctooroloqical  orqani  zat  ion 

Weather  keconna  l-ssance  Group 

Weather  keconna issance  Squadron 

.vest. mu  Reconnaissance  wins 

iavonna  1  ssanc' •  Winter  Stori  Plan  <-(  t  n<  l*;, 


i 


